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your controlled volume pump... . minimum mainte } ADVER 
Exclusive Milton Roy nance .. . lower operating cost. N 
STEP-VALVE LIQUID END Here’s why. Designed-in dependability is the result of & 
treme care in the sizing of motor horsepower, reduce | 
torque and overhung load capacity. Reducer, motor ani 
pump mounting pads on a rigid, webbed base are precision 
machined to assure perfect alignment of the entire assembly Ci 
...and of all moving parts. 
Specify Milton Roy ... your guarantee of dependability | 
in controlled volume pumps and complete chemical feed 
systems. A practical solution to your metering problem wil Cl 
be found in one of the following bulletins. Write for you 
copy today. 
Double ball checks, sloping Bulletin 455 “Controlled Volume Pumps in Paper Making” | 
passages and absence of air Bulletin 953 “Controlled Volume Pumps in Industria ' 
pockets assure highest pos- Water Treating.” i ¢ 
sible volumetric efficiency. ‘ : ? 
Should a solid particle lodge Bulletin 1253 “Controlled Volume Pumps in Process In | 
under one suction bail, for strumentation.”’ 
example, second suction ball Milton Roy Company, Manufacturing Engineers, 1300 East So 
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thereby preventing fluid from 
being pumped into suction 
piping. 


Mermaid Lane, Philadelphia 18, Pa. | 


Engineering Representatives in the United States, Canada, Mexico, Europe, Asia, South America and Africa. 


CHEMICAL FEED SYSTEMS 


Circle 1A on Readers’ Service Card 











EXECUTIVE BOARD 


Robert T. Sheen J. Ward Percy 
President Vice President 

W. H. Fortney W. G. Brombacher 
First Vice President Secretary 

A. A. Anderson J. T. Volibrecht 
Vice President Treasurer 

Richard N. Pond Warren H. Brand 
Vice President Past President 


Edward C. Baran 
Appointee Member 


























VOL. 3 NO. 5 * MAY 1956 
Close | 
froms | EDITORIAL BOARD EDITORIAL 
) Weor N. B. Nichols, Chairman ee ‘ 
atio of David M. Boyd, Jr. John L. Kent A CHANGE OF PACE, by Charies W. Covey 149 
© Long j Douglas M. Considine M. M. McMillen 
loods i George F. Field Richard N. Pond 
George F. Gardner R. R. Proctor 
d Con Robert J. Jeffries satennth , Gehan TECHNICAL SECTION AND FEATURES 
TRENDS IN DATA PROCESSING, by Robert L. Froemke BA 
EDITORIAL & BUSINESS STAFF ATOMIC REACTORS, by J. M. Stein 150 
eo a ELECTRIC ANALOGIES FOR MECHANICAL STRUCTURES 
Robert R. Scott, Production Manager by Gilbert D. McCann 161 
John M. Neeson, Departments Editor SCANNING 
HM A eee Sats . 166 
ASSOCIATE EDITORS METERING OF INTERPLANT FLOWS, by Robert E. Huche 168 
Ralph & Batcher 4. w. Hutchison FREQUENCY RESPONSE ANALYSIS, by Irving Lefkowitz 170 
. H. Giczewski rvi it 
| The. HM. Gluck Morris G. Moses, TECHNICAL ARTICLE ABSTRACTS | 173 
Herbert Hulsberg J. M. Mozley 
life in 
New York Office 
of e& hese Withome NEW YORK ISA SHOW FEATURES 174 
educe | oe “ 020 — 
oad nrg Neogene wise s MEETINGS DIGEST 176 
acision New York 17, N. Y. NATIONAL SOCIETY ACTIVITIES 177 
bly Chicago Offi 
= Doves. Sturgcon SECTION NEWS 179 
al 6-1715 
ability Macintyre, Simpson & Woods ISA PERSONALS 180 
val 75 East Wacker Drive - 
fee Chicago 1, 111. ROSTER OF NEW MEMBERS 18! 
m wil a 
ery eveland Office 
Sten Mga" 
-1501 
2 Masahes, Simpson G Woods REGULAR DEPARTMENTS 
king. i800 Euclid Avenue 
ustrial levelend 15, Ohio IN THIS ISSUE 4A NEW BOOKS 77A 
i Los Angeles Office 
ail | Loyd 8. Chappel COMING UP 5A NEW LITERATURE 78A 
* | iw 4- 1 
Se te eetrenen, Street | WHAT'S NEW IN INDUSTRY 6A CLASSIFIED ADVERTISING 85A 
s , Calif. 5 
() East Suthers O INDUSTRY PERSONALITIES 58A COMING EVENTS 86A 
fice 
| Cierokee “1781 NEW PRODUCTS 68A ADVERTISERS’ INDEX B6A 
a F . N.E. 
———<—«. READERS’ SERVICE BUREAU | 75A__ INDUSTRY NOTES 182 
| The ISA Journal is regularly indexed in the “Engineering Index Service 














ISA JOURNAL — Official publication of the INSTRUMENT SOCIETY OF AMERICA, Business, Executive and Advertising Offices, 
Granite Bldg., 313 Sixth Ave., Pittsburgh 22, Pa. Phone ATlantic 1-3171. Copyright 1956 and T. M. Registered, U. S. Pat. Off. 
Published monthly on 10th of month of issue. Second class matter authorized at Post Office, Pittsburgh, Pa., January 26, 1954, 
under Act of March 3, 1879. 
; _ SUBSCRIPTION RATES: U. S., U. S. possessions, Canada and Latin American countries, Single Copy 50c; | year $4.00; 2 years 
$9.00; 5 years $12.50. GROUP RATES: 3 One year subscriptions, $3.00 each; 5 One year subscriptions, $2.50 each. OTHER 
_ COUNTRIES: | year $6.00; 2 years $10.00; 3 years $14.00; 5 years $20.00. Payments from outside U. S. must be by check on 
U.S. bank or international Money Order. ALL SUBSCRIPTION ORDERS must include position and company products er services. 
ADVERTISING ORDERS AND TYPE-SET COPY should be mailed to ISA JOURNAL, Granite Bidg., 313 Sixth Ave., Pittsburgh 22, Pa. 
ATlantic 1-3171. ADVERTISING PLATES should be shipped to ISA JOURNAL, 116 East Chestnut St., Louisville 2, Ky. 


All statements and opinions expressed in articles are individual expressions of author(s) and not of the INSTRUMENT SOCIETY OF 
A. Reprints from ISA Journal may be made on condition that full credit be given the ISA Journal and the author, and that date 
of publication be stated. Reprints will be furnished upon order. Write for prices on quantity desired. 


























CRESCEN 












mT LLL // Lf / ry 
M7 


Zyy =CABLED 
) TUBING 


for use with 
INSTRUMENT! 
and 
PROCESS 
AN CONTROL 
\\ \ EQUIPMENT 


‘ 
CRESCENT 






Tubes furnished in 


* Copper 
¢ Aluminum ARMORED 
* Steel MULTITUB 


* Polyethelene i , 
Carries Air, Gas or Fluic 
CRESCENT ARMORED MULTITUBE is a grow 
of from 2 to 37, !4,"", 344", and !/2"" O.D. copper 


aluminum, steel or polyethelene tubes spiral 


Also Special = 
Construction.” 
for 

Underground Runs 


12, Ye OR, Pubes cabled together to permit bending without div 


tortion. These tubes are completely protectet 


Substantial savings on installed cost on mod- es , , : 
ae! md from injury during and after installation by é 
erate to long runs with complete dependability 


is achieved through the use of CRESCENT flexible, interlocked, galvanized steel armor. One 


ARMORED MULTITUBE. It is furnished in tube in each layer is a bright blue color, whic 
continuous lengths up to 1000 feet, thus saving 
waste and short ends. Corrosion resistant con- 


structions are also available. This product is licensed under U. S. Patent 2,578,280. 


SEND FOR BULLETIN GIVING COMPLETE INFORMATION AND ENGINEERING DATA 


CRESCENT INSULATED WIRE & CABLE CO 


Trenton 5, New Jersey 


Circle 2A on Readers’ Service Card 


2A ISA Jou 





Yj 
(A 
GIs. IMPROVED; 








| 


makes identification of any tube an easy mattet.| 




















May 1956 Volume 3 Number 5 


A Change of Pace 


A change-of-pace and a simplified point of view have been the right ingredients in 

q successful solution of many tough problems. Usually, this doesn’t occur until the parties 
involved have wrestled with the factors and are on the verge of separating the essential 
from the non-essential. This is the time to back away from the picture and take a 
different look. Viewing the situation from an elementary point, the fundamentals be- 
come apparent. 


¢ *®Now is the time in the progress of applying industrial automatic control when a great 


many people should change their pace and take another look. There are three parties 
involved. First, the pioneers in industrial automation who have for 40 years fought 
their way up the management ladder to apply instruments and controls in the process 
industries. The second party entered the scene about 15 years ago — engineers with a 
scientific and mathematical approach to system analysis and control with the magic of 
electronics to aid their cause. Enter party number three within recent years — industry 
wide top management excited by automation and computers. 


q The action is now mixed and fast — management searching for means to make this so- 
called “new” technology pay off in efficiency, production, and profits — engineers and 
technicians creating new devices and interpreting the physical principles involved — and 
instrument manufacturers trying to keep pace with demand in an ever changing market. 
Each group, each industry, each profession has its own problems and its own language. 
Communication and understanding are difficult. 


C A change of pace typifies the approach which several user companies employ in evaluat- 

. ing a complete industrial automation program for their operations. Its simplicity is 
worth noting. Basically, it involves information, communication, evaluation, and action. 
Perhaps the most important is communication since one of the primary problems in 
today’s business operations is getting the magnitude of information to the right place 
at the right time. Management is beginning to recognize that data handling, data 
processing, logging, and scanning are not overemphasized. Whether it be pressure, 
temperature, ph, chemical composition, units produced, man-hours worked, accounts 
receivable, accounts payable, or vacation earned, measurements must be made and 
communicated. Whether it be an individual, a pneumatic controller, an electronic con- 
troller, or a computer, incoming information must be compared and evaluated. If 
conditions are not right, corrective action must be taken. 


«© Control of administrative affairs, accounting, inventory, production, etc., can be related 


to the basic elements of industrial process control — the oldest form of automatic indus- 
trial processing. 


Che att. 


Editor 











149 





Exclusive... 


ATOMIC 
REACTORS 











Physical Principles 
Applied Theory 

Types of Reactors 
Dynamic Behavior 


Automatic Control 


J. M. Stein was born in Pittsburgh, Pa., and majored in physics at Carnegy 


by J. M. Stein, Chief Reactor Engineer 


engaging 


development. 
Oak Ridge in charge of Physics on the Homogeneous Reactor Development, 
Stein returned to 
became manager of the Nuclear Engineering Section. In 1952 he joined Westing 
house Commercial Atomic Power Group as an advisory 
Combustion Engineering, Inc., as chief reactor engineer in the Nuclear Powe 
Division in 


Nuclear Power Division, 
: PX. ; 1951 Mr. 
Combustion Engineering, Inc., 


New York, New York 


THE RAPID DEVELOPMENT of reactors during the past 
ten years has opened a new field in industry which requires 
the combined efforts of practically every kind of engineer- 
ing, manufacturing and fabricating business. Equipment 
manufacturers, with many years of experience in the manu- 
facturing of heavy steel components, now find that they 
are called upon to put this experience to work in the pro- 
duction of heavy components for the nuclear power plants 
now in.demand. The producers of raw materials, such as 
iron, steel, copper and aluminum, are applying their “know- 
how” to the production of such exotic materials as zircon- 
ium, titanium, beryllium and heavy water. With this ef- 
fort it is expected that these materials will become less ex- 
otic with every day that passes. Likewise, the manufac- 
turers of instrumentation and control equipment find that 
producing the specialized equipment required for the nu- 
clear power field naturally falls to their engineering and 
production skills. Basically, the control requirements of 
nuclear power plants are not too different from those of 
more conventional power plants. The major differences lie 
in the need for radiation detection instruments and in the 
time scale of operation peculiar to such systems. 

The objectives of this paper are 1) to describe the basic 
physical phenomena on which the nuclear power field is 
based; 2) to discuss the way in which these phenomena 
make reactors a physical possibility; 3) to describe the 
various kinds of reactors and 4) point out the peculiarities 
of these reactors which must be taken into consideration 
for adequate instrumentation and control. The details of 
the instrumentation and control are beyond the scope of 
this paper. That which is included here may be looked 
upon as an introduction to the theory of reactors from the 
standpoint of the problems in instrumentation and control. 
The mathematical treatment used is to provide a guide in 
understanding the behavior of reactors. The equations are 
not presented for numerical calculations, although in some 
cases they can be used for that purpose. 

*Based on a presentation at the Annual Mid-Winter Conference of the 


New York ISA Section entitled ''Instrumentation and Control of Nuclear 
Processes'', Statler Hotel, February 9, 1956. 
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Institute of Technology. 


He joined the Motor Division of W estinghouse in ly 
induction motor design and specializing in 
He then joined the Atomic Power Division in 1949 and wens 
Power Division where 


Westinghouse Atomic 


engineer. He joined 


1955. 


Physical Principles 


The discovery of fission in 1939 gave rise to the possibil 
ty of obtaining a tremendous amount of energy from a vey 
small consumption of fuel. The magnitude of this yieldd 
energy is illustrated by a comparison with convention 
fossil fuels. A gram of uranium 235, if completely fissioned 
will yield about 100 million BTU’s of energy which is about 
4 million times the yield of one gram of coal. 

This energy arises from the splitting of heavy nuclei int 
two parts of approximately equal size. This phenomena’ 
called fission. Some of the heavy nuclei undergo fissia 
with remarkable ease. This is because their structure # 
such that only a slight nuclear disturbance is required ® 
produce this reaction. Actually, the fission process can als 
proceed spontaneously. Spontaneous fission, however, 0 
not play an important part in practical reactors since is 
effect is small. Fission also occurs when a heavy nucle 
is struck by a photon of high energy. This is called phott 
fission and, as in the case of spontaneous fission, does nt 
play an important part in reactors. 

The fundamental building blocks of nuclei are protons 
and neutrons. The proton is a particle of about the mas 
of a hydrogen atom. It has a positive charge which attracts 
electrons. These electrons are responsible for the chemitl 
properties of atoms. The neutron is a particle of about i 
same mass as the proton but one which has no charge. Tit 
proton and neutron form the basic ingredients of all th 
known nuclei. A single proton is the nucleus of the IF 
drogenatom. A neutron and a proton combine to form# 
deuteron which is the nucleus of the deuterium or hea 
hydrogen atom. The deuteron is one of the particularly 
stable combinations of neutrons and protons. Both light 
and heavy hydrogen are found in nature. They both hate 
practically the same chemical behavior because each 
tains one proton which determines the chemical propertité 
If another neutron is added to the deuteron, a triton is pv 
duced which is the nucleus of a tritium atom. This al@ 
does not occur in nature and is not very stable, the combi 
nation of two neutrons and a proton being one of the le 
stable combinations. Tritium is a third hydrogen isotom® 
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It is not possible to add further neutrons to tritium to get 
ne of higher mass. If two neutrons and two protons 
isotopes nined, an alpha particle is formed which is the 
yee age the helium atom. This is another particularly 
poy cleus. This picture of the structure of nuclei can 
ied ap to nuclei containing 92 protons in elements 
phrase in nature and to nuclei containing over 100 pro- 
ps if those produced artificially are considered. As we 
move up the scale to heavier nuclei the ratio of neutrons to 
tons generally increases for the stable (non-radioactive) 


TO sep ; 
2 Table 1 shows the composition of nuclei of some 


jsotopes. 
of the lighter isotopes. | | 
The nucleus of uranium as found in nature is not of one 


kind, there actually being two important isotopes present. 
The first is the U-238 nucleus which consists of 92 protons 
and 146 neutrons. About 99.3% of uranium has this nucle- 
ys. The second isotope is U-235. The nucleus of this iso- 
tope consists of 92 protons and 143 neutrons. About 0.7% 
of uranium has this nucleus. 

Both of these nuclei will fission releasing about 192 Mev 
of energy per fission. (1 Mev = 1.6 X 10° watt sec). The 
easiest way to cause fission is by bombarding the uranium 
with neutrons. Since the neutron has no charge it can 
penetrate the nucleus without being subjected to the repul- 
sive forces due to the charge associated with the protons in 
the nucleus. In the case of the U-235 nucleus fission will 
occur very frequently when the neutron has a very low 
energy. In the case of the U-238 nucleus fission will occur 
to a significant extent only if the neutron energy is over 
1.5 Mev. 

Since we now have a means for producing fission which 
consists of subjecting nuclei to collisions with neutrons, the 
question arises as to the source of the neutrons used to pro- 
duce this release of energy. There are many nuclear reac- 
tions which produce neutrons. Some of these are used as 
neutron sources for experimental purposes and for starting 
reactors. One of these reactions is produced by bombard- 
ing beryllium with alpha partieles, with the resultant prod- 
ucts being neutrons. It is, however, economically imprac- 
tical to produce neutrons by such means for the purpose of 
exploiting the energy of fission. 

Nuclear fission would be of little value if it were not for 
the neutrons which are released during the fission process. 
As was previously stated the heavier nuclei have a higher 
ratio of neutrons to protons than the lighter nuclei. Hence, 
when a heavy nucleus breaks into two parts during the fis- 
sion process the two lighter fragments cannot accommodate 
all of the neutrons and two or three of them are released. 
This gives rise to a means for perpetuating the fission proc- 
ess through a nuclear chain reaction. The neutrons re- 
leased in fission have very high energy, averaging about 2 
Mev per neutron. A large fraction of these neutrons how- 
ever have energy less than the 1.5 Mev which is required for 
fission of the U-238 nucleus. This requires that U-235 or 
other fissionable material be present if a chain reaction is 
to be maintained. 

The fission process is accompanied by the release of many 
other particles which, on the whole do not contribute to 
the perpetuation of the reaction and, in general, may lead 
to hazards and problems which have an adverse influence 
on the profitable exploitation of nuclear power. Many elec- 
trons and photons are released not only during the fission 
Process but for a long time afterward, the latter being the 
decay products of the unstable (radioactive) fission frag- 
ments. Figure 1 illustrates fission produced by the absorp- 
tion of a neutron. 

The largest fraction of energy released in the fission proc- 
ess is that of the kinetic energy of the fission fragments. 
These fission fragments collide with the particles of other 
materials in the reactor and transmit their energy to these 
materials in the form of heat. Although it has been specu- 
lated that it might be possible to convert this energy into 
electrical energy directly, the only practical use made of it 
80 far is in the form of heat. 

Since the nuclear chain reaction is based on the utiliza- 
tion of neutrons, the properties of these neutrons as they 
interact with the materials of the reactor are very impor- 
tant. All of the nuclei Known will scatter neutrons. Scat- 
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Alpha Particle—A helium nucleus which has been 
ejected with high speed from a nuclear reaction. 


Beta Particle—An electron which has been ejected 
with high speed from a nuclear reaction. 


Blanket—The part of a reactor surrounding the 
core and containing fertile material which can 
be converted to fissionable material. 


Core Reactor—The central portion of a reactor 
containing fuel as distinguished from a reflector 
or blanket. 


Delayed Neutrons—Neutrons produced in the fis- 
sion process which are not released immediate- 
ly. 

Fast Effect—The increase in fissions.in a reactor 
resulting from the fissioning of U-238 or Th-232 
by fast neutrons. 


Fertile Material—Materials stich as U-238 or 
Th-232 which produce fissionable material when 
they capture neutrons. 


Isotopes—Species of atoms or nuclei which have 
the same chemical or electrical properties but 
different weights. 


Neutron—A fundamental! building block of nuclei 
which has no charge. 


Photon—A particle of no mass which carries the 
energy of electromagnetic waves such as gam- 
ma rays and light. © 


Proton—A fundamental building block of nuclei 
which has a positive charge. 


Reflector—The part of a reactor surrounding the 
core which is used to diminish the leakage of 
neutrons. 


Resonance Escape Probability—The fraction of 
fast neutrons which are slowed down to thermal 
energy without being captured in materials 
with strong capture resonances. 


Self Shielding—tThe effect whereby outer layers of 
nuclei of a mass of material absorb enough 
— to reduce the absorption in the inner 
nuclei. 


Thermal Utilization—The ratio of the number of 
thermal neutrons absorbed in the fuel of a mix- 
ture to the total number absorbed in all ma- 
terials of the mixture. 





tering refers to the collision of a neutron with a nucleus 
tering refers to the collision of a neutron with a necleus 
and the subsequent rebound of the neutron in any direction. 
Although no nuclear changes take place during such colli- 
sions, they are important because they 1) make the path 
of the neutron through a reactor longer and 2) may reduce 
the energy of the neutron to a lower value which will more 
readily produce fission in U-235 and other nuclei of similar 
properties (Pu-239, U-233). 

Nuclei will also absorb neutrons to various degrees. As 
mentioned earlier some nuclei are very stable and may in 
effect, repel neutrons. Other nuclei, which are stable from 
the point of view of their natural existence, are unstable as 
far as interaction with neutrons is concerned. The proton, 
which is the nucleus of the hydrogen atom has a moderate 
attraction for neutrons and becomes a deuteron, a very 
stable particle, when it absorbs a neutron. On the other 
hand, a deuteron will be transformed to an unstable triton 
if it absorbs a neutron. This manifests itself as a repulsion 
of the neutron resulting in the deuteron having a very low 
affinity for neutrons. 
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Figure 1. Fission and parasitic capture in U-235. 


Elements such as boron and cadmium have extremely 
high affinity for neutrons and, as will be pointed out in the 
next section, have special uses in the reactor field. The 
scattering and absorption processes are illustrated in Fig- 
ure 2. 

In addition te the dependence on the kind of a nucleus 
involved, the absorption of neutrons is also strongly de- 
pendent on the neutron energy. Any nucleus which has a 
strong affinity for neutrons will be more strongly affected 
by slow moving neutrons. This affinity in many materials 
is practically inversely proportional to the velocity of the 
neutron. A slow neutron will spend more time in the at- 
tractive field of the nucleus and thus stand a greater chance 
for absorption. Another dependence on neutron velocity is 
that associated with resonanee. Many nuclei display this 
behavior which is in the form of very high absorption with- 
in rather small bands of neutron velocity. U-238 and Th-232 
are two isotopes which have strong resonance absorption 
for neutrons of intermediate energy, and therefore make 
this phenomenon an important consideration in reactor de- 
sign. Many nuclei, upon absorbing a neutron, become an- 
other stable isotope of the original nucleus. Some, how- 
ever, produce unstable isotopes which subsequently decay 
radioactively to nuclei of different proton content. As an 
illustration of this absorption we can consider the uranium 
isotopes U-235 and U-238. If a U-235 nucleus absorbs a neu- 
tron it can either 1) become U-236; this occurs about 15% 
of the time or 2) fission and produce fission fragments, 
etc.; this occurs about 85% of the time. (see Figure 1) 





If a U-238 nucleus absorbs a neutron it can either 1) 
come U-239 which is unstable, decaying first to Np 
(neptunium) and then to Pu-239 (plutonium) by ther 
lease of two electrons in sequence or 2) fission if the ny 
tron has high enough energy. 

The production of plutonium by the capture of neutrm 
in U-238 is of particular importance because plutonim- 
239 is a fissionable material very similar to uranium—%} 
A similar reaction occurs when neutrons are captured § 
thorium—232. By the sequential release of two electrom 
the thorium—-233 changes first to protactinium—233 a 
then uranium-—233. Uranium—233 is another fissionalk 
material very similar to uranium—235. These two 
clear reactions make it possible to produce new fissionak 
material at the same time as other fissionable material 
being consumed. These are shown in Figure 3. 

The slowing down of neutrons by scattering collision 
with nuclei, as mentioned before, can be of use in react 
by making the nuclear fuel more effective because of & 
greater affinity for slow neutrons. The collisions of gret 
est interest for this purpose are elastic collisions. Thet 
are collisions which produce a redistribution of energy@ 
the colliding particles in exactly the same manner as tha 
of two elastic spheres. The light nuclei are more effectit} 
in slowing down neutrons than the heavy nuclei. This maj | 
be illustrated by a collision of two billiard balls in the firs | 
instance and the collision of a billiard ball and a bowiitt} 
ball in the second instance. A direct collision of a movilt} 
billiard ball with a stationary billiard ball could result 2) 
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the stationary ball having practically all the energy of the 
moving ball after the collision while the moving ball is 
stopped completely. This is exactly the case of the colli- 
sion of a neutron with a proton. On the average it takes 
only about 20 collisions to reduce the energy of the neutron 
from 2 Mev. to an energy of 0.025 ev which corresponds to 
the energy associated with thermal agitation at room tem- 
perature. This is a reduction of the energy by a factor of 
80 million. In the case of the collision of the billiard ball 
(representing the neutron) with the bowling ball (repre- 
senting a heavy nucleus) the billiard ball cannot transmit 
all its energy to the bowling ball but will bounce off with 
practically the same energy as it had before the collision. 
On the average it takes about 2000 collisions of a neutron 
with U-238 nuclei to reduce the energy from 2 Mev to 0.025 
ev. Thus we see that nuclei of small mass make the most 
effective “moderators”. In the order of their effectiveness 
for this purpose we may list light water, heavy water, 
beryllium and graphite. 


Reactor Theory 


A reactor will be considered initially as a mixture of ma- 
terials which are capable of producing a sustained chain 
reaction. This not only implies that a fissionable material 
18 present, but that it is possible to sustain a chain reaction 
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in a mass of fissionable material alone. In order to develop 
reactor theory gradually, adding refinements one at a time, 
a hypothetical reactor of infinite volume will be considered 
first. 

If the reactor is assumed to contain fissionable material 
only, the necessary requirement for a chain reaction is that 
the production of neutrons must be equal to the absorption 
of neutrons. If all the neutrons absorbed in the fissionable 
material cause fission, the 2 to 3 neutrons produced per 
fission are far in excess of the one neutron which is ab- 
sorbed. This can be expressed mathematically by: 


P = A, II-1 


or the rate of production of neutrons is equal to the rate 
of absorption of neutrons in the fuel. An important dimen- 
sionless factor in reactor theory is y, which is the number 
of neutrons produced per neutron absorbed in the fuel. In 
terms of this factor the production can be written 


P = A, 
with this definition of » equation II-1 becomes 
» 1 


which may be considered the condition for criticality for 
the hypothetical infinite reactor which contains only fis- 











sionable material. Since the y for all fissionable materials 
is considerably in excess of one, the reactor under consid- 
eration will be supercritical, i.e. the rate of production of 
neutrons exceeds the rate at which they disappear. 

As a second case the effect of adding a non-fissionable 
material to the reactor will be investigated. Of primary 
importance is the fact that it will absorb neutrons but will 
not produce any. If the absorption of neutrons in this ma- 
terial is A, then the neutron balance required for criticali- 
ty or steady state operation is 


P= A, +A, II-4 
In terms of this can be written 
(y» — 1) A, =A, II-5 


Thus, if » is equal to 2, the amount of the non-fissionable 
material which can be added is that which has the same 
absorption as the fissionable material. Another important 
factor which can be added at this point is k, which is the 
multiplication constant for all the material in the reactor. 
This can be defined as the number of neutrons produced per 
neutron absorbed in all materials in the reactor, and can 
be written mathematically as 


P = Ek (A,+ A,) = KA II-6 


With the definition for » given by II-2, the relation between 
k and 7» is 


Au 


For this second hypothetical reactor the condition for crit-- 
icality is 


z= 1 II-8 


which reduces to that of the first case if the absorption Ao 
is removed. 

Since a practical reactor must be of finite size, neutrons 
are also lost, as a result of leakage from the surface. This 
loss is dependent primarily on the scattering of neutrons 
and the extent of the surface of the reactor. Thus it would 
be expected that a reactor with a minimum surface to vol- 
ume ratio and the greatest possible scattering of neutrons 
would be expected to have the lowest leakage. The more 
scattering nuceli present the longer will be the path of the 
neutron and therefore the greater the probability of it be- 
ing absorbed before it reaches the surface of the reactor. 
The neutron balance of a finite reactor can be written as 


P=mA+bL 1-9 


where L is the leakage 

If the first reactor considered is reduced to finite size the 
only absorption is in the fuel and the neutron balance be- 
comes 


(7 —1) A, = L 11-10 


This is similar to equation II-5 with the leakage replacing 
the absorption in the added non-fissionable material. 

The complete picture for a finite reactor containing any 
absorbing materials is 


P= A, + A, + L II-11 
In terms of n this becomes 
(yn —1)4,=A,4+ L [I-12 


and in terms of k it can be written 
k(A, +A, = AV+A, +L = AL II-13 


or 


L 
Su i+ II-14 


If the leakage is reduced to zero, equation II-14 is the same 
as equation II-8. 

As was previously stated, the absorption of neutrons in 
a fissionable material is increased tremendously if the neu- 
trons are slowed down. Thermal reactors make use of this 
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principle by incorporating a moderator which Slows 
neutrons down to an energy where they are practicayp. 
thermal equilibrium with the atoms of the moderator, 

simple picture of neutron balance or criticality oy 

above is based on the premise that the neutrons are and 
sorbed at the same energy as that at which they are pp 
duced. This is applicable to a fast reactor but is inadeguy 
for a thermal reactor. A more complete picture is pp 
sented if two kinds of neutrons are considered, namely, 
neutrons and fast neutrons. The balance equation for 
finite reactor given in II-9 must be replaced by two me the 
balance equations. For the conservation of fast neuty whi 
the balance can be written the 


wr! 
Py = Ar + M + Ly Ik 


which states that the rate of production of fast neutr. Thi 
Py, must be equal to the sum of the rate of absorptigny 
fast neutrons, A,, the rate of slowing down of the fast pp 
trons, M (moderation), and the rate of leakage of the fy 
neutrons, Ly. For the conservation of slow neutron % 
balance equation can be written. whe 


Ps = As + Ls Ii 


which has a similar interpretation to that of equation) [°! 
These two conditions are not independent and mugt)) ©" 
maintained simultaneously. Because the production offs) 
neutrons, P,, is caused by the absorption of slow neutroy U-2 
As. The definition given for the multiplication constant; effe 
applicable here also and can be used to write 





P, = k As I 
The only way that slow neutrons are produced in signi I 
cant quantity is by slowing down of fast neutrons of ¢ 
P, = M Thi! 


Since the rate of absorption of fast neutrons, Ay, iss) wh 
small compared with the rate of slowing down of fast ne 
trons, M, it can be ignored for the sake of simplicity, Te 
two balance equations can now be written 


kA,= M+L, TH T 


M = A, + Lg I} ver 
ing 
rett 
kA, = A,+L,+ L; Ii} and 
cart 
or not 

mal 
is x: Is 2) ma 

ly. 
which is similar to equation II-14 except that it hast) of ; 
two leakage terms in place of the single leakage. Anothe} two 
way of combining II-19 and II-20 is by multiplication whit} ing 


If these two equations are added together the result is 


k = 14 


yields refi 
effe 
Lig I 4p ba trol 

ss (: t x): T a 
T 
This is a more convenient form because it separates & the 
slow and fast neutron effects into two distinct parts. in t 


The equation II-14 can be used for fast reactors or fe} the 
thermal reactors which are very large and moderated with} mal 
light or heavy water. In the case of large thermal react#®) Tea 
the ratio of leakage to absorption is really composed @}  Tefl 


two parts. This can be expressed as = 
L Ls Lr 1H trol 

a.“ * @ hat 

sur’ 


For small reactors moderated with water, equation 14 mal 
must be used. In the case of reactors moderated with our 
graphite, the slowing down of neutrons is accomplished # con 
many small steps and the two group picture presented 
II-23 is not always satisfactory. In this case the slowist 
down may be described by the product of many terms@} Re; 
the type shown in the second parentheses of equation | 
If the number of steps considered is allowed to app 
infinity then 
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Ly bas 
( i+ Ler ) eM I]-25 
a 
and the equation II-24 becomes 
I = 11-26 
k = (: +at)e M 26 
- _ 


The effect of resonance (absorption) is incorporated into 
the picture by using the “resonance escape probability”, D, 
which is the fraction of neutrons slowing down which reach 
thermal energies. This can be taken into account by re- 


writing equation II-18 as 


P; =pM 11-27 


This makes equation II-23 take the form 


Lis Le 
= (1 +72)( +34) 


where k is still defined by II-17 and II-7. 


II-28 


Another factor which enters the picture is the fast effect, 
,. As mentioned in section I, U-238 will fission if it absorbs 
fast neutrons. Equation II-28 does not take this into ac- 
count. The fast effect «, is a factor greater than unity which 
represents the total fissions produced in both U-238 and 
-235 divided by those produced in U-235 only. With this 
effect included equation II-28 becomes 


be (: le 
z=) T™ 


It is standard practice to call all the factors on the left 
of equation II-29 the k «. This can be written. 


= ko II-29 





k co = nfpe 11-30 
where f is the “thermal utilization” defined by 
_ II-31 
'? Rea 


The final item that should be considered is the use of re- 
flectors. If the reactor core is surrounded by a material of 
very strong scattering ability many of the neutrons escap- 
ing the core are turned around by successive collisions and 
returned to the core. This can be done with both thermal 
and fast neutrons. For the reflection of thermal neutrons 
care must be taken to select reflector materials which are 
not strong absorbers. Light and heavy water and beryllium 
make good reflectors for this purpose. For fast neutrons 
many of the heavier materials can be used very effective- 
ly. Iron is a very good fast neutron reffector. The effect 
of reflectors of water and beryllium on fast neutrons is 
twofold. 1) Some of the neutrons are returned by scatter- 
ing as fast neutrons. 2) Many are also slowed down in the 
reflector and returned as thermal neutrons. The overall 
effect of reflectors is that of reducing the leakage of neu- 
trons. 


The means for control available in a reactor arise from 
the possibility of changing many of the factors appearing 
in the criticality equation II-29. If the amount of fuel in 
the reactor is changed, k o« changes. If an absorber of ther- 
mal neutrons is added, A, changes. The leakage from the 
reactor can be modified by varying the composition of the 
reflector. The leakage of thermal neutrons can be increased 
by effectively increasing the leakage surface. This is ac- 
complished by inserting control rods in the core. The con- 
trol rods are made of material containing cadmium, boron, 
hafnium or other strong thermal neutron absorbers. The 
surface of these rods act in the same manner as the nor- 
mal leakage surface. Any thermal neutron penetrating the 


— has very little chance of returning to the active 


Reactor Types 


Nuclear reactors may be classified in many different 
Ways. Two classifications in use are based on the energy 






of the neutrons which produce the fissions and the disposi- 
tion of the fuel in the reactor. 

On the basis of neutron energy, reactors can be classi- 
fied as: 1) Fast reactors—these are reactors which con- 
tain no moderating material to slow down the neutrons. 
The neutrons produced in fission have an average energy 
of 2 Mev and in general the neutron producing the fission 
has about the same energy. There is some slowing down 
of neutrons by inelastic collisions but this is not very ef- 
fective below about 0.5 Mev. Fast reactors are charac- 
terized by the very high concentration of fissionable ma- 
terial required. To avoid the use of high loading, the size 
of the reactor is kept to a minimum, usually in the order 
of a few feet in major core dimensions. 2) Thermal reac- 
tors — These are reactors which incorporate a moderator 
to slow down the neutrons to almost thermal energy. They 
are characterized by a comparatively low concentration of 
fissionable material and may be quite large. The size of 
the reactor depends upon the kind of material used for the 
moderator and the amount of other neutron absorbing ma- 
terial which is present. 3) Intermediate or Epithermal re- 
actors — These are reactors which have characteristics be- 
tween the thermal and fast reactors. Depending upon the 
amount of moderation incorporated, fissions may occur due 
to neutrons of energy immediately below that of the fast 
reactor down to neutrons of energy just above thermal. 

On the basis of disposition of the fuel, reactors may be 
classified as: 1) Homogeneous reactors — These are reac- 
tors in which the fuel is intimately mixed with the other 
reactor materials. These may be either solid or liquid but 
liquid homogeneous reactors are the only ones which are 
of interest today. Homogeneous reactors are characterized 
from the nuclear point of view by the absence of control 
rods. This is the case because such reactors allow the con- 
centration of the fuel to be changed as needed. Usually an 
excess of the liquid fuel is kept close at hand so that it may 
be pumped into or out of the reactors as necessary. 2) 
Heterogeneous reactors — These are reactors in which the 
fuel and other materials are separated by finite boundaries. 
The fuel generally is solid and these reactors are character- 
ized by having a fuel loading in excess of that required 
when the reactor is first started. The excess fuel is com- 
pensated for by means of control rods. Many heterogeneous 
reactors can be treated nuclearwise as a homogeneous re- 
actor because the physical dimensions of the separate pieces 
are small compared with the average distance a neutron 
travels between interactions with the nuclei. This is the 
case of a reactor in which the fuel is built into thin plates 
or small closely spaced rods. 

In some heterogeneous reactors in which U-238 or Th-232 
is used, intimately mixed with the fissionable material, the 
mixture is formed into fairly massive rods or lumps so that 
the effective resonance absorption of these materials is re- 
duced. This is possible because of the self shielding of the 
lumped material. As the resonance neutrons enter the lump 
the surface layers of the lump absorb them leaving very 
few neutrons to be absorbed in the interior. Hence the 
material in the center does not display a strong absorbing 
effect on the resonance neutrons. It is by this means that 
it is possible to use natural uranium to produce a chain re- 
action. The U-238 present would absorb too many neutrons 
if it were uniformly distributed in the reactor. The U-235, 
which fissions primarily by slow neutron absorption, is so 
scarce that the lumping does not result in any strong self 
shielding as far as the U-235 is concerned. The disposition 
of the U-238 or Th-232 in lumps reduces the resonance ab- 
sorption in another way. If the lumps are far enough apart 
so that the fission neutrons will be slowed down in the mod- 
erator between the lumps to an energy below the resonance 
region it can be seen that the resonance absorption will be 
reduced. The only resonance neutrons that are absorbed 
are those which leave the lump as fast neutrons and are 
scattered back to the same lump by way of a path through 
the moderator which is just long enough for the neutrons 
to be slowed down to resonance energy. There are also 
some neutrons which are absorbed as resonance neutrons 
in neighboring lumps because they have made only enough 
collisions to reduce them to resonance. There is a limit 
however to the extent to which this reduction in resonance 
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ously mixed. 


absorption can be exploited. If the lumps or rods are too 
far apart, the amount of fuel which can be used in a reac- 
tor of finite size becomes very limited. 

The type of a reactor is greatly dependent on the way 
in which the heat is removed. In general a coolant is passed 
through the reactor whereupon its temperature is raised 
and it is carried to a heat exchanger or heat engine where 
the heat is extracted from the coolant before it is returned 
to the reactor for the next cycle. This coolant may be the 
moderator or it may be another fluid. If graphite or beryl- 
lium is used for moderation, the coolant must be another 
material in the liquid or gaseous state. It is generally se- 
lected in this case on the basis of its stability under irradia- 
tion, its low neutron absorption and its compatibility with 
the rest of the system as far as corrosion is concerned. 

In water moderated reactors, the moderator may serve as 
the coolant. !n this case, the moderator-coolant is passed 
over solid fuel elements in a heterogeneous reactor or ac- 
tually contains the fuel in the form of a solute or suspended 
solid. Another combination which can be used is one in 
which the coolant contains the fuel and passes through a 
region in which a solid moderator is contained. 

The means for controlling a reactor depend on the type 
of reactor in question. All of them can be built containing 
control rods, either in the reactor core or in the reflector. 
However, the usefulness of this method in fast reactors is 
limited because no materials are available which have a 
strong affinity for fast neutrons. In the case of the homo- 
geneous reactor it is easier to remove or supply fuel as 
needed. The fast reactor can use this means also if it is 
homogeneous. If it is heterogeneous the excess fuel may 
be built into inovable rods or parts of the reflector may be 
mobilized so that the leakage may be varied. 















































Figure 5. Solid fuel reactors. 
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Fluid fuel reactors. 


(Left) common coolant and moderator. 
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(Left) all materials homogene- 
(Right) fuel and coolant homogeneously mixed. 


A simple illustration of the variety of reactors pogsibje 


is given by Figure 4 for fluid fuel reactors and by Figur 
5 for solid fuel reactors. 
Dynamic Behavior of Reactors 

In the section on reactor theory, the static requirements 
for criticality of a reactor were considered. Also, the means 
of changing various quantities in the neutron balance equ. 
tions were discussed. Repeating the neutron balance equ. 
tion for a simple one group model 


P= A+ L 


which says in words: Production equals absorption plus 
leakage. The means of control considered made it possible 
to change any of the factors in this equation. If, however, 
any of the factors are changed the balance no longer holds. 
If the production of neutrons is greater than the sum of the 
absorption of neutrons and the leakage of neutrons, the 


(Criticality) IV4 


. . . ‘ } 
number of neutrons present will continue to increase in | 


definitely until the condition of criticality is again restored. 


Likewise, if the production of neutrons is less than the sum | 


of the absorption and leakage, the number of neutrons pres 
ent will continue to decrease. In the first instant, the reac 
tor is said to be “supercritical” and in the second “sub 
critical.” These conditions can be expressed by the in 
equalities. 

PS>A+L 


P<A+L 


(Supercritical) IV2 


In order to get a quantitative picture of these three condi | 


tions and of the dynamic behavior of the reactor, the three 
factors can be considered as rates in units of neutrons per 
second. Then the rate of change of the number of neutrons 
present in the reactor N can be written. 


(Right) separate coolant and moderator. 
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aN 
dt 
Thus all three conditions are represented by the single dy- 


= P—A-— L (units = neutrons/second) IV-4 


namic equation, Iv-4. The criticality equation, IV-1, has 
also been expressed in terms of a multiplication constant k 


defined by 


z= La A IV-5 
This reasoning can be extended to equation IV-4 but two 
different multiplication constants must be considered. These 


are 

P 

k = “A IV-6 

which is the actual multiplication constant of the material 
present in the reactor and 

k= 1+ IV-7 

which is the multiplication constant required for criticali- 

ty. The three conditions IV-1, IV-2 and IV-3 can be ex- 

pressed in terms of the multiplication constant as follows: 


=> &, Supercritical ) * 
kK = KE, Critical : IV-8 
zk< kK, Subcritical 


The dynamic equation IV-4 can also be expressed in terms 
of the k’s by writing 
dN 
dt 


(K — k,) A Iv-9 
The quantity (K — k,) is called the excess k and can be ei- 
ther negative or positive depending upon the change made 
in various factors P, A and L. 

The rate at which neutrons are absorbed, A, in the reac- 
tor is proportional to the number of neutrons present, N. 
This can be expressed as 


N 
A = 7 IV-10 
The quantity 1, is generally referred to as the neutron life- 
time because it represents the average time which elapses 
between the production of the neutron in fission and its dis- 
appearance by absorption. The simple model used in this 
development does not take into account the slowing down 


of neutrons. If this effect is included the lifetime is in- 


creased to 
L=1 }1 Loy 
.o = + M 


because the time required to slow down the neutron must 
be added to the time required for it to be absorbed. Using 


IV-11 


these factors and writing he the dynamic equa- 


& 
tion V-9 can be written 
dN y y 9 
7 = rk — k,] N IV-12 


To illustrate the behavior of a reactor following this mod- 
el, the change in power can be considered for various con- 
stant values of (5k — k — k,) 

The solution of IV-12 is 


N = N, e@rookt IV-13 


Where N, is the initial value of the neutron level. Since 
the power produced is proportional to the neutron level, 
*quation IV-13 can be rewritten 


P P erookt 


IV-14 


4 the reactor is operating at a constant power level, P,, 
€ dk must be equal to zero. If it is desirable to raise the 
Power level, the 5k is made positive and the power rises 
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Figure 6. Transient behavior with changes in k. (Top) 
A, control of neutron level without a source. (Center) 


B, control of neutron level with a source. (Bottom) C, 
control of neutron level with delayed neutrons. 


exponentially. The exponential rise in power will continue 
indefinitely if the 5k is maintained positive. When the de- 
sired power is reached the 5k is made zero again and the 
reactor will operate at the new power level. If the power 
level is to be reduced, the 6k is made negative and the pow- 
er drops exponentially. This is illustrated in Figure 6A. 

Although it is possible to start up a reactor without any 
artificial neutron source it is safer to use it. This is illus- 
trated by rewriting equation IV-12 with the source, S, in- 
cluded. 


dN 
— \,6KN + S IV-15 
dt 
As shown before, the reactor is subcritical when Sk is nega- 
tive. For steady state conditions equation IV-15 yields 
IV-16 
Hence we see that the reactor level can be raised to a sig- 
nificant level by using a source even though the reactor is 
subcritical all the time. The complete time dependent solu- 
tion of IV-15, when 64k is constant, is 


~ 


N : »Jodkt 
\.3K {1 € ] 


IV-17 


Thus the reactor power level can be raised in steps of this 
kind by gradually allowing 5k to increase from large nega- 
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Figure 7. Transient behavior of reactor with negative 
temperature coefficient. (Top) low amplitude oscillation, 
linear. (Bottom) high amplitude oscillation, non-linear. 


tive values to a very small negative value. This is shown 
in Figure 6B. To reach a very high power level, of course, 
the sk becomes practically zero and the reactor may be 
considered critical. This is because the source strength, 
S, that is normally used is very small. 

Another effect which can be viewed in somewhat the same 
Manner as a source is the presence of delayed neutrons. A 
certain small portion of the neutrons produced in fission 
are not released immediately. They are actually released 
from some of the fission fragments as a product of expo- 
nential radioactive decay. As a result, the number of de- 
layed neutrons are not always proportional to the power 
level except when the reactor is operating at steady power. 
The exact behavior can be written mathematically as 


aN 
a= (1 —p)kK-kIN+Z+AC, IVA 


where g is the fraction of the neutrons which are delayed, 
C, is the quantity of fission product specie i which releases 
delayed neutrons with the decay constant \,. The quantity 
C, satisfies the equation: 


dc 


t+ niCy = Bi r KN 


dt IV-19 


where i is the fraction of the delayed neutrons which arise 
from fission fragments of species i and is related to g of 
equation IV-18 by 


p = 2B, IV-20 
i 


There are six such sources of delayed neutron groups which 
have important contributions, g,. If C, were always in 
equilibrium with the neutron level, N, equation IV-19 would 
become. 


AC, = prrKkN IV-21 


and equation IV-18 would become the same as equation 
IV-12. This, however, is not the case. The quantities C, 
are approximately proportional to the neutron level at some 
time previous, to. This can be expressed by the approxi- 
mate equation. 


dN (t) 
dt 





= »[(1 — p) k — k,] N(t) + »7. BKN (t — t,) 
IV-22 


If the neutron level is steady for a long time before an in- 
crease in reactivity is introduced it can be seen how the 
last term on the right of IV-22 can be looked upon as a 
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source similar to equation IV-15. As a result, the delayeg 
neutrons produce a considerable delay in the rapid expo. 
nential increase in neutron level. Instead of the increage 
being of the type defined by IV-12 and IV-13, it is of the 
type given by IV-15 and IV-17 for a short period of time 
The lifetime of the neutrons, |,, for a large thermal reactor 
is 10° seconds. For a 5k of 0.01 the logarithmic rate of rig. 
of neutron level would be 10 sec" if there is no source of 
neutrons or no delayed neutrons. The fraction of delayed 
neutrons g is 0.0073 and the average delay of the neutrons 
is 12.9 seconds. The effective lifetime with the delays jp. 
cluded is 10° = 12.9 X 0.0073 — 0.001 = 0.094 = 0,995 
seconds. The effect of delayed neutrons on the time de. 
pendent behavior for a rise in level is shown in Figure 6C. 
The portion up to the dotted line shows an effect similar ty 
a fixed source. The delayed neutrons produce this effect, 
After the delayed neutrons due to the initial power leyg 
have been dissipated the rise in level follows the patter 
corresponding to no source. If the conditions are such that 

(l1—p=k, IV-23 
there is no bump in the curve and the reactor is said to he 
“prompt critical.” As long as the excess kK is less than that 
described by this condition, the effect will be to lengthey 
the effective lifetime of the neutrons. 

It was pointed out in sections I and II that the affinity 
of nuclei for neutrons is dependent on the energy. It was 
also shown that in a thermal reactor the neutron energy js 
very close to the energy corresponding to the temperature 
in the moderator. The number of nuclei in a particular 
volume is also temperature dependent because of thermal 
expansion. All these effects and others as well lead toa 
temperature coefficient of reactivity. This can be written 


k par k, —= 5k + a hg _ 3 IV-24 


where « is the temperature coefficient and 4k is the excess 
k when T = T,. As written a positive temperature coefi- 
cient would result in greater excess k for higher tempera 
tures. A negative temperature coefficient is very desirable 
because of the stability it promotes in the reactor operation. 
If the power rises, it causes an increase in temperature. 
The increase in temperature with a negative aq makes 
k — k, less than the initial value and the rate of power 
rise decreases. This can be expressed mathematically in 
terms of a simple model of heat extraction. The rate of in 
crease of temperature can be considered proportional to 
the excess power 


= § (P — P,) IV-2 


dt ~ 
By this relation, the temperature does not change as long 
as the power produced, P, is equal to the power remover, P, 
If more power is being produced than can be carried away 
by the cooling means, the temperature will rise. The ap 
proximation used here lies in the assumption that P, is 4 
constant whereas in most cases it is a function of tempera 
ture. The use of a constant P, is close enough to reality 
to make the simplification worthwhile. The set of equa 
tions which must be satisfied by a system of this kind is 


dP . 
dt = No [ — k,] P (a 

k — k, = 8k + a (T — T,) (b)[V-26 
aT 


~ > sn > 

dt S (f P,) (c) 
This is a system which yields a non-linear equation in terms 
of t which cannot be solved analytically. If equation (a) 
is divided by equation (c) the time is eliminated yielding 


dP =o {k — k,] P 


— Bee FD 


Combining this with equation (b) gives 





dp do [dk + a (T — T.)1P 1V-27 
aT = oe tr =< 2,3 
the solution which is 
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IV-28 


If P is plotted against T, a closed curve results if a is 
negative. This function is shown in Figure 7B. This is 
an indication of the stability resulting from a negative tem- 
perature coefficient of reactivity. The curve is unsym- 
metrical because of non-linearity. For very small k it be- 
comes a circle which indicates a harmonic oscillation. The 
case of the small k can be better illustrated by linearizing 
equations IvV-26. They then become 


dP 


a = oe | — k,] | (a) 
k—k, = 8k +a(T— T. (hb) >) ¥Forsmall dk IV-29 
dT 
= 2 (c) 
at S (P ) 


If (a) is differentiated with respect to t it becomes 


d?P d 


Gtr = NPo gy lk — Ke] 


from (b) the derivative of (k — k,) is 


dT 
‘dt [k a k,] — @€ “dt 
Combining these two with (c) gives 
@P , 
ie - (AWe8?,) ( — F,) = 0 IV-30 


If g is negative this defines an oscillation of P with a fre- 
quency of 


1 


: 2r V —r. a SP, IV-31 


The advantage of the negative temperature is apparent. 
The system has a high spring constant if the power level 
P, is sufficiently high. 

The whole argument in favor of a negative temperature 
coefficient is based on an instantaneous transfer of heat to 
the moderator or other materials which are temperature 
sensitive. If the change in density of the moderator is the 
most important contribution to the temperature coefficient, 
the effect of a time delay in heat transfer can result in a 
negative damping to the oscillations and a rise in power to 
higher and higher levels. This is illustrated by showing 
atime delay in equation IV-25. 


dT g ‘ — 
_— = (P(t —t,) — P.] 1V-32 
In reality the delay is not a fixed value but the approxima- 
tion used here is good enough to illustrate the point. If 
the time delay is small, equation IV-32 can be written 


dT dP 


> = > > — 
= § (P — P,) St, dt 


ai IV-33 


If this equation is used instead of IV-25 the oscillatory equa- 
tion IV-30 becomes 


ap dP 
de + D.aSP.t.J-g- — [a8 P.] (P — P.) 0 


IV-34 
Hence a negative temperature coefficient will lead to a re- 
storing force but if there is a time delay in heat transfer 
It also leads to negative damping. The effect of delayed 
heutrons on such an oscillation is one of positive damping 
and therefore a stabilizing influence. This is illustrated 
by rewriting equation IV-22 in terms of power and assum- 
Ing that the delayed neutrons for the period of time in 
question are those due to the equilibrium power level, P,. 
dP 
Gt = {k — k,] P — pk ([P — P.] IV-35 


patying this for small oscillations the same as equation 
“29 (a), the overall oscillatory equation becomes 
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Figure 8. A regulation system. 


a’P ‘ dP 
ae + (Ac pk + Wa 8S P. to) a 


— [a aSP,) (P — P.) = 0 IV-36 


Thus the behavior with a negative temperature coefficient 
will be a positively damped oscillation as long as the effect 
of time delay in heat transfer is over balanced by the effect 
of delayed neutrons. The behavior of a linearized system 
such as this is shown in Figure 7A. 


Instrumentation and Control 


With an understanding of the dynamic behavior and the 
basic ingredients and construction of reactors, it becomes 
apparent that each type has peculiarities which may affect 
the kind of control system used. The basic functions of a 
control system are regulation, shimming and safety. Al- 
though a control system may use the same equipment for 
more than one of these functions, it is advantageous to seg- 


Figure 9. A shimming system. 
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Figure 10. A safety system. D—Rod drive mechanisms; L—Rod 


release latches. 


regate the complex system for a clearer picture of its op- 
eration. 

The regulation of a reactor is that function which makes 
the reactor produce energy at a rate commensurate with 
the demands on the system. This may be a completely au- 
tomatic response to operation of a steam throttle valve on 
a power producing reactor or a response to the desire of 
the operator of a research reactor to change to a different 
power level. In a reactor with a high negative temperature 
coefficient of reactivity which has only slight heat transfer 
delay associated with it, the response to the changing steam 
demand is accomplished automatically by the transmission 
of a thermal wave from the steam generator back to the 
reactor. The only augmentation that may be required is 
an anticipation circuit which responds to the steam demand 
and sends back a signal to a control device at the reactor 
to get it started in the right direction before the slow mov- 
ing thermal wave arrives. Some care must be taken in 
selecting the characteristics of such circuits to eliminate 
the possibility of undesirable oscillations in the power level. 
If the reactor does not have a reasonably high negative tem- 
perature coefficient, it is necessary to provide a regulation 
servo loop which will incorporate means of comparing the 
actual power level of the reactor with the power level de- 
sired. A signal proportional to the difference of these two 
quantities is then sent to a control means at the reactor so 
that it will reduce the difference in power to zero. Such a 
system may also be augmented by anticipation circuits 
which can introduce rates of change and integrals of vari- 
ous parameters in addition to the values of the power de- 
mand signal. 

Many reactors now being considered, especially those of 
small size have high negative temperature coefficients and 
there is a tendency to dispense with the fast regulating sys- 
tem. Caution, however, should be exercised at low temper- 
atures because the temperature coefficient may be very 
much lower. Likewise caution should be exercised at the 
operating temperature when at a lower power level because 
the coupling between thermal and nuclear behavior is re- 
duced. This arises from the fact that a certain fractional 
change in power at a low level does not produce as large a 
temperature change as at high power and consequently the 
change in reactivity is not as great. A regulation system is 
shown in Figure 8. 

The shimming of a reactor is that function associated 
with compensating for the change in reactivity resulting 
from such factors es, (a) going from cold to hot operating 
conditions, (b) burnup of fuel and (c) buildup of fission 
product poisons. The basic method used for this involves 
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picking some desired constant operating condition Such a 
average reactor temperature and comparing this with the 
actual average reactor temperature. A signal Proportion) 
to the difference is then used to actuate the shimm 
means such as the use of control rods in such a way a8 to 
reduce the difference to zero. A typical shimming circuit 
is shown in Figure 9. 

The safety system associated with a reactor plant has 4 
function which overrides the other control equipment Whe 
hazardous conditions arise. The basic action taken by the 
safety system is that of stopping the nuclear chain reaction 
in response to a number of limit signals. This is usually 
referred to as “scramming” the reactor. The signals may 
be initiated by any or all of the following conditions: 


a) Excessive power. 

b) Excessive temperature. 

c) Excessive pressure. 

d) Excessive rate of increase of power. 

e) Excessive rate of increase of temperature. 

f) Excessive rate of increase of pressure. 

g) High level of radiation in various places around th 
reactor plant. 


It is desirable to obtain adequate protection against qj 
of these hazardous conditions without leading to many 
nuisance shutdowns. The actual reduction in reactivity 
may be accomplished by a number of different means. The 
most important is the rapid insertion of control rods, Ajj 
the control rods can be arranged with a latch between the 
rod and the drive mechanism. The release of the latch cap 
be effected by electro-magnetic means. The rods may lk 
dropped into the reactor under their own weight, or the 
force of gravity can be augmented with springs built int 
the rod drive system. The design of such a scram system 
is based on a criterion of obtaining the shortest possible 
time between the production of the signal and the ultimate 
shutdown of the reactor. In some reactor systems, a high 
temperature coefficient may give better protection against 
large power excursions than a fast scram system. The 
scram system is illustrated in Figure 10. 

Another part of the overall safety system is the health 
monitoring system. This system provides a series of audi 
ble and visual signals in response to detectors placed in 
various locations around the reactor plant. Recording in 
struments are also provided for a permanent record of past 
conditions. 

In addition to the regulation, shimming and safety sys 
tems many other controls can be provided for special pur 
poses. The automatic startup of a reactor is based on one 
of these control schemes. A controlled withdrawal of rods 
is provided to approach criticality. The rate of withdrawal 
is controlled by means of a system which limits the rate 
of change of neutron level. Another special system can be 


used to maintain the rate of change of temperature to a | 


acceptable value during the period the temperature is it 
creased to the operating level. This prevents excessive 
thermal stresses in heavy pressure vessels. 

The requirements for regulation and shimming cannot 
be considered as independent. A reactor with a large nege 
tive temperature coefficient may function very well with 10 
regulation except that provided by its inherent stability. 
This reactor however will have severe shimming requife 
ments because a large number of shim rods will be required 
to compensate for the change in reactivity in going from 
cold to hot conditions. If space requirements are such that 
sufficient shim rods excessively complicate the design, it 
may be better to change the reactor characteristics to pre 
vide a smaller temperature coefficient. This would alle 
viate the shimming problem at the expense of requiring # 
high speed regulation system. 

The scram requirements may also be very severe if mally 
shim rods are needed. The time required to withdraw the 
shim rods may be limited to obtain rapid response. This 
however will lead to more serious reactivity accidents 
which must be overcome by the scram system. The design 
of an adequate control system for nuclear reactors depends 
upon a full understanding of the nature of the reactor, it 
cluding its steady state, dynamic characteristics, and ass 
ciated equipment. 
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Figure 10. General form of nodal circuits 


using only R, L and C elements. 





n 
Yu = Ym + =z. Yim 


I, = Y,'e, + Yi (@; — @:) +...!.-- + Y,.' (e, — @,) 
I, = Y,@, + Yig (Cp — @,) +...!... + Y,,’ (e. — e,) 
I = Y,'e, + Ys, (0, ~~ @) + 22200 
or in matrix form [I] LY] [e] 
n 
i = . + > on e, _ Yis@s + °ee + Yun Cp 
m+ 1 
lL, = — Vos @; + (Y,’ + > Yom)€s T css | Yon‘ @n 
m + 2 
Be — Yin @ “> Yon Cs + *ee +.’ Yimn@n 
1 


m ~ 1 











Electric Analogies 


for Mechanical Structures 


The direct analogies for mechanical structures fall into 
two classes known as the “loop” and “nodal” analogies. 
In the most commonly used “loop” analogy, voltages are 
analogous to forces and currents to coordinate velocities. 
The individual terms of the general force equations are 
thus voltages and Kirchhoff’s law for the summation of 
voltages around closed loops simulates Newton’s law of 
force. In the most common nodal analogy, currents are 
analogous to forces, voltages to velocities and nodal equa- 


THE ABOVE CAN BE ILLUSTRATED BEST by com- 
paring the matrix forms of general mechanics and elec- 
tric circuits. Lumped parameter mechanical systems will 
be considered first. When an independent set of mechani- 
cal coordinates is chosen, the force equations can be ex- 
Pressed in the following general form: 

f, = Yuv, + YisVe +... + YinVn 


f, ca Yu V; + YoVe T ses YonVn 
(1) 
a oe Cat, + Cate +... > Luke 
or in matrix form: 
(f}] = [(Y,.] (v] 
(la) 


Here coordinate velocities are chosen instead of displace- 
ment since then the electrical analogies have a direct cor- 


- 
“The second of a three part series. The first part entitled ‘The 
Direct Analogy Electric Analog Computer'' appeared in the April 

1956 issue of the ISA Journa!, pages 112 through 118. 
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tions for the summation of currents simulate the force 
equations. These are of course well known general analo- 
gies. In the past, however, their use has been limited by 
imperfect circuit elements and the inability to develop 
suitable circuit analogies for any but the simpler ex- 
amples. The reason for this lies in the inherent differ- 
ences between the general forms of the equations of me- 
chanics and those of circuits derived directly by the sim- 
pler principles of the above analogies. 


respondence. Thus the equivalent loop analogy electrical 
equations are as follows: 
fe] = [Z] [i] 
(2) 
and for the nodal analogy 
(i] = LY.) [e] 
(3) 
The structural parameters are expressed in equation (la) 
by terms analogous to admittance and have the form given 
below for linear systems. 





by Gilbert D. McCann 
Professor, Electrical Engineering 
California Institute of Technology 
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K 
Gac'= (1p +G +>) 


(4) 
Thus in the loop analogy 
Lp+R+1 
Zi; co a) 
(5) 
and in the nodal analogy 
1 1 
(Wi). = (p++ Gy) 
(6) 


From this point on consideration will be given to the 
nodal analogy only. Dual circuits for the corresponding 
loop analogies have been developed for all cases treated 
here.” However, the nodal analogy is more generally used 
for complex cases. 


Figure 11. Transformer arrays for linear coordinate trans- 
formation; nodal analogy. 








GENERAL CASE: v, =L-a, 4 5 F.=l-aF; 


a:l v 
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v=av 
F = oF 
Y= a*y 
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General Form of R L C Nodal Circuits 


Nodal analogies are set up by establishing a nodal] Point 
for each mechanical coordinate. Its voltage to round oy 
a common reference is analogous to the coordinate Velocity 
Currents must be inserted into each node for the analogoys 
applied force and currents flowing out of the node whig 
are the proper functions of the nodal potentials Simulate 
the structural forces. The general form of such an R L¢ 
electrical network is illustrated in Figure 10. Ag illus. 
trated by this figure the resulting admittance matrix [ 
has certain restrictive characteristics not required of gen- 
eral positive form or passive matrices. These are the fg. 
lowing: 

1. The matrix is symmetrical Y,,; = Y,,; isi 

2. The off-diagonal terms are negative. 

3. The sum of the row coefficients is positive. 


n 
Y= asd = Yi; 
1 


The first of the above conditions can also be considered 
characteristic of mechanical parameter matrices, sing 
they can readily be converted or are always of this form if 
the equations are derived by Lagrangian or energy meth 
ods. The other two restrictions do not, however, apply ip 
general to mechanical systems when an independent set of 
coordinates is used. 

Special types of mechanical systems will have the sam 
form as the electrical circuit of Figure 10. This occu; 
when the coordinates chosen are both the center of gravity 
coordinates of all mass elements and the points of conne- 
tion for all springs and dashpots. If they do not include 
the (C. G.) coordinates the mass matrix may not satisfy 
the restrictions listed above and if they are not the points 
of connection for the springs or dashpots their respective 
matrices may not be realizable by the circuit form of 
Figure 10. 


Properties of Linear Coordinate Transformations 


Transformers provide the additional electrical circuit 
element that makes possible the general synthesis of posi- 
tive form matrices. The role which they play is best u- 
derstood by first considering the general properties of 
linear coordinate transformations. 

Transformation Equations. The linear transformation of 
a coordinate system is described by the following general 
set of equations: 


V, = OnV, +2isVa +... + Bava 
~-— dim + tom +. 
(1) 
Vo © Mic¥s + Gu¥e + ... + Gate 
or 
[v] = [a] {v] 
(7a) 


The original coordinates are (v) and the transformed & 
ordinates (v). The mechanical system equations in origi- 
nal form are thus, 


[ft] 


| 


CY} (v] 


and the new system 


(f] = (Y] {v] 
(8) 
It is well known and can easily be demonstrated by the 
principles of virtual work that the forces must be related 
as follows: 


f, = anf, + ay,f, +..-+ anf, 


fy == Arf, + Arf, +... + Ansla 
(9) 
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= = anf, + Aonf, + eo 2 + Annty 
or in matrix form 
(fl = [a]" [f] (9a) 


{a]™ is the transposed form of [a] as shown by equations 
(7) and (9). The relationship for the parameter matrices 


are then the following: 
(Y] = [a]™ [Y] [a] 
or 


Tus = - > AyxAy Vy; (10) 
4 


Nodal Analogy for Transformation Equations. The circuits 
of Figure 11 provide a nodal analogy for equations (7) and 
(9). As shown, the equivalent of n transformers with 
(n + 1) windings are required whose turn ratios are the 
scalar transformation coefficients. 

One approach to the general synthesis of mechanical 
parameter matrices would be to determine a suitable coordi- 
nate transformation that will convert the admittance matrix 
[Y] to a form [Y] that corresponds to the general form of 
Figure 10. This is discussed in detail in references 23 and 
36. However, a method frequently found to be more straight 
forward is to represent all coordinates necessary to provide 
a simple form for all parameters. That is, to represent all 
(C. G.) coordinates, all points of connection for springs and 
dashpots and possibly all points of externally applied forces. 
This technique may not always be the most practical since 
it is wasteful of elements. It is, however, one of the most 
important synthesizing techniques. 


Equations of Constraint 


The introduction of more than an independent set of co- 
ordinates introduces the equations of constraint between 
the coordinates and the added forces of constraint. Thus 
(k) equations of constraint can be written in the following 
general form: 


= T,*v, = 0 


‘si 


(11) 
and equation (la) is modified as follows: 


(f,] + [8] = ([Y] [v] 


(12) 
The forces of constraint g, can do no work. 
Thus 


Se0y. = 0 


i221 


As developed by Lagrange, scalar relationships between the 
forces of restraint and the coefficients T,* assure this as de- 
fined below: 


m 
a = r AxT,* 


Bei 


(13) 

The nodal analogy for equations (11), (12), and (13) is 

illustrated in Figure 12. The basic concept of this tech- 

nique as applied to the simplification of a mass matrix is 
illustrated by the simple problem of Figure 13. 


Distributed Elastic Systems 


Distributed mechanical systems such as continuous 

» Plates and shells are described mathematically by 
Partial differential equations. All general purpose comput- 
‘fs must usually employ “finite-difference” or “discrete 
Point” methods of representation to handle such equations. 
electrical analog computer is not made up of “distrib- 
uted” electrical elements but rather of “lumped” elements. 
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Figure 12. Nodal analogy for equations of constraint. 


Thus only one independent variable, time, can be represent- 
ed continuously. Time in the computer system could be 
used to represent a space variable in the mechanical system, 
but then time in the mechanical system could not be repre- 
sented continuously on the computer. 

Therefore, if more than one independent variable is in- 
volved, all but one must be represented at discrete or finite- 
difference points and the partial differential equations con- 
verted to ordinary differential equations of one type or an- 
other. It should be realized, however, that this does not 
always mean that system performance is being approxi- 


Figure 13. Simple example of use of extra coordinates to 
synthesize nodal analogy for mass matrices. Rigid bar in 
vertical and angular small motion. 
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Figure 14. Finite difference analogies for beam in simple 


bending. 


mated. For instance, the continuous elastic properties of 
certain distributed systems can be represented exactly (at 
discrete points in the system) by lumped parameter cir- 
cuits. 

It is also important to realize that most aircraft struc- 
tures are not ideal distributed systems. In many cases they 
resemble more closely the finite-difference approximations 
made to obtain suitable circuit analogies, since they are 
composed of discrete elements faste1ed together. 

This discussion will be confined to direct physical elec- 
trical-mechanical analogies in which time in the mechani- 
cal system is represented as time on the computer. Two 
basic methods of approach can be employed in the develop- 
ment of “lumped parameter” electrical analogies for dis- 
tributed parameter mechanical systems. In one of these 
the partial differential equations are converted to ordinary 
differential equations and analogies developed for them. In 
the other method, a lumped parameter or idealized mechani- 
cal model is first developed for the mechanical system and 
then electrical analogies can be formed directly from the 
mechanical model. 

The finite-difference analogy for a beam in simple bend- 
ing illustrates these techniques well. Consider the system 
of Figure 14. The partial differential equations under static 
conditions is as follows: 


o O’y 
ax? ( EI =) ax — (x, t) 

(14) 
This is obtained from the following four first order equa- 
tions: 


oy 


Slope e= Ox 
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Figure 15. (Right) Dynamic analogy for elastic u: 
treated as beam with coupled bending and torehen 7 


iS) 

Moment M = El = 
OM 
Shear Va = 
Ox 
Load ad 
oa P(x,t) = ax 


Their finite-difference forms are as follows (see Figure 14): 


Slope On mh — Yn +1 == 7, 
AXa «= 
or 
(@AX), + yy = (y, 1 Fa 
M M = ( ‘8 ’ 
Moment “Mu, = AX, o. 6, . ” ) 
M,, — M, 
Shear VY..% = - ——— 
AXn 
or 
(VAX), .% — (M,., — M,) 
Load (P,) =a.>c8e 
20a iva = _— AX, 
or 
(Qi), = P, AX, —e (V, = Ve. 


Adding the dynamic inertia effects of translational mass 


forces: 
sii d’y, 
(Qm) a ( (mas )( dt? ) 


In the above equations more than an independent set of 
coordinates is represented and the resulting matrix rela 
tions are easily synthesized. The coordinates © are the 
points where the springs are connected and y are the mass 
C. G. coordinates. The transformers in Figure 14 represent 
the transformation relationship between y and @6 or the 
equations of constraint as illustrated in Figure 13. 

A more comprehensive system is illustrated in Figure 1. 
This is typical of the practical analogy for a high aspect 
ratio airplane wing. However, it is readily apparent that 
the concepts developed above for simple lumped parameter 
systems apply directly to the distributed system. 
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. THE FIELD OF INSTRUMENTATION 
Cd nning AUTOMATIC CONTROL AND AUTOMATION} N@ 
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Building Blocks. Thes 
liquid level and flow 

metering remote tee 
metering units for th 

Jackson, Michigan mr 
nicipal water system 
are applications @ 
the Sparks-Worthinato 
Company new modula 
21 standard building} 
blocks” electronic com 
ponents. These mas 
produced units are de 
signed for plug-in com} 
binations for measule 
ment, communications 
and control. 





Too-rough or Over-finish. The Bri] 2, 
portable Surfindicator is used to ched ity 
machined finishes at Sterling Machine on 
Company without removing the pie rae 
from the machine. It is designed t = 
measure surface roughness of meld ba 
plastic, glass, ceramics, paper a me 
other materials. The indicator didlB} 4, 
calibrated by ASA specifications. TM} 
measuring head can be used on fi 
or curved surfaces and to measure 
ternal finish of bores. 
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Noise Measurement. The 
new Mine Safety Appli- 
ance Soundscope, designed 
to replace four older sepa- 
rate instruments needed for 
noise analysis, is used to 
take sound pressure level 


on, Ths} readings at a punch press. 
2quitiy) This compact wide range 
\aticall electronic instrument is a 
recisign. new means of combatting 
k sj) the ever growing noise 
inning problem in business and in- 
ore g| dustry. It offers the ability 
Ths} to effectively analyze hear- 
lar m| ing damage noises, and de- 
x oly) termines the chief offender 
3 type from several noises. 
Ses ¢ 
Ting 
, Unde 
ter con 
Modular Magnetic-recording 
Components. This etched cir- 
cuit plug-in amplifier is one of 
the features of the new Ampex 
FR100 Series for magnetic tape 
These recording and reproducing sci- 
J flow entific data in the DC to 100,000 
> tele cps frequency range. From one 
for the to 14 tracks are available with 
m mu tape speeds from 1% to 60 
system inches per second. Modular 
ns di plug-in units allow rapid selec- 
Lington | tion of Direct FM or PWM 
odula modes for any track. 
uilding | 
> COM | 
mass 
re de 
1 Com | 
asule 
ations 








Experimental Interferome- 


ter. This double-beam in- 
Brush stument was developed by 
shed sch & Lomb to measure 
chine C anges in angle of arc to 
oled one millionth inches accu- 
od t facy. Light beam from 
nell main housing is reflected 
a ck from mirror. Instru- 
ial ment is scheduled for field 
the ep etation in response 
n fia or high order accuracy in- 
ol usttial and commercial 





Applications. 
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Metering of Interplant Flows 


WHEN A BUYING METER is placed at one end of a 
transfer pipeline and a selling meter is placed at the oppo- 
site end of the line, how closely can the two meters be ex- 
pected to agree? How truly do the records of these meter 
readings represent the actual amount of material being 
transferred? How should we handle our data to determine 
the adequacy of our metering? And if metering is not ade- 
quate, what can be done about it? 

The usual answer to these questions is that the efficacy 
of metering depends upon the application. While this an- 
swer is true it is abstract. It accomplishes nothing. If 
we can determine the causes of error and reduce the error 
to a minimum, then we will have concrete answers to our 
questions. 

Causes of metering error can be placed roughly into three 
categories: 1), mechanical errors; 2), installation errors 
and 3), application errors. This discussion concerns ap- 
plication errors. Although mechanical and installation er- 
rors are numerous, important and troublesome, they have 
been widely discussed and are commonly known. Both me- 
chanical and installation errors should normally be discov- 
ered and corrected by routine maintenance. 

Application data, however, appears to be one source of 
error that is frequently overlooked. It ‘s application data 
with which we are particularly concerned at this time. If 
we were all exclusively experienced instrument engineers, 
a discussion of this subject would be superfluous. We know 
that there are no blanket answers to these questions, and 
that each installation must be analyzed on its own individ- 
ual merits. We also know that the accounting department 
wants a balance between input and output; that each indi- 
vidual operating department wants low input and high out- 
put; that the process design department wants figures that 
agree with their equations; that the instrument engineer 


*Based on a presentation at the Texas A. & M. Symposium on 
mentation for the Process Industries'', December 20, 1955. 
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by Robert E. Hughes 
Engineer 
Shell Chemical Corporation 


Houston, Texas 


wants accurate metering; and that management wants 
over-all plant efficiency. It is most important that the jp. 
strument engineer keep everybody happy. 

I propose to show that the only way in which all parties 
can be made happy is by a complete study of application 
data. In studying these data, the instrument engineer must 
obtain the cooperation of the laboratory, the process design 
section and the operating departments. The metering his 
tory of one liquid hydrocarbon stream provides particular 
ly good data for this thesis. The stream is composed of 
propane and propylene with about 10% of ethylene and 
ethane. Two orifice meters about a mile apart measure the 
flow. This history is outlined in Chart No. 1. 

You will notice in Chart No. 1 that there were three pe 
riods of good metering accuracy. Notice also that these 
periods occurred only when the operating pressure was in- 
creased appreciably above the original design pressure, and 
that the installation modification and mechanical repairs 
were not sufficient by themselves to accomplish the desired 
results. 

After the No. 2 meter was revised to comply with the 
standard installation, there remained a metering discrep 
ancy of 7%. When the bubble point of the stream was cal 
culated and the pressure raised to 250 psig, metering agree 
ment was within 2% for a period of nine months. After 
an extended shutdown, metering became erratic with dis- 
crepancies of 10% in both directions. Recalculation of me 
ter factors showed that the No. 1 meter and a meter prover 
installed to check it had both been calculated on erroneous 


data that resulted in a factor 2.5% high. But 2.5% was 
Chart 2 
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Chart 3 


only a small part of the discrepancy. A new calculation of 
the bubble point revealed that 265 psig was now required 
to prevent flashing. The operating pressure was increased 
to 275 psig, and the metering discrepancy again disap- 
peared. However, sometime in the summer of 1954, it be- 
came necessary to reduce the pressure to 220-250 psig and 
metering troubles recurred. Increasing the operating pres- 
sure again eliminated the difficulties. 

Ethane and ethylene are more volatile than propane and 
propylene. The higher the ethane and ethylene content of 
the stream, the higher the pressure that is required to pre- 
yent vaporizing. Chart No. 2 shows that the ethane- 
ethylene content of the stream averaged six percent in 1951 
and seldom exceeded seven percent. For those conditions, 
250 psig was sufficient line pressure. But in 1952, the 
ethane-ethylene content frequently exceeded 8%, and dur- 
ing the hot summer months 250 psig was not enough to pre- 
vent vaporization of the stream. Although the use of aver- 
ages is convenient, and the data handled in this manner 
shows definite trends, nevertheless the results are not con- 
clusive. Notice that near the end of 1952, the temperature 
dropped, the ethane-ethylene content and the line pressure 
remained relatively constant, but the metering error in- 
creased. This would appear to refute our thesis. However, 
the biweekly composite samples show that the ethane- 
ethylene content was often considerably above the average 
figure. 

Chart No. 3 emphasizes this point by showing some daily 
data. The wide daily variations in temperature and in 
ethane-ethylene content preclude the use of averages to de- 


Chart 4 
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Chart 5 


termine the required operating pressure. Since pressure is 
the only variable over which we have control, the pressure 
must be maintained high enough to prevent flashing at the 
highest probable temperature and the highest probable 
ethane-ethylene content. The current operating pressure 
of 270 psig is calculated to prevent vaporization when the 
ethane-ethylene content is below twelve percent and the 
stream temperature is below 110°F. 

The average meter accuracy is computed to be about 
+2.5%. Chart No. 4 shows how this accuracy is computed. 
Chart No. 5 shows that we have little choice but to use aver- 
age meter accuracy because of the variations in flow rate. 

On all but three days during the period from April 16, 
1955 through October 31, 1955, the deviations of these two 
meters have been less than the meters’ calculated accuracy. 

We now have reasonable answers to the original ques- 
tions. As long as our current operating conditions are 
maintained, we can expect the two transfer meters to agree 
by +2.5%, and the records of the meter readings to repre- 
sent the actual amount of material being transferred with 
an accuracy of 2.5%. We must consider our operating data 
on the basis of maximum probable figures, not averages. 
And if the metering again becomes inadequate, we must 
start from the beginning and look for mechanical errors, 
installation errors, and application errors. 
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Frequency Response Analysis 


by Irving Lefkowitz, Associate Editor 


Research Associate, 
Case Institute of Technology, 
Cleveland, Ohio 


WE HAVE CONSIDERED the dynamic response of some 
typical measuring and control systems in previous install- 
ments of the Engineers’ Notebook. In each of these ex- 
amples we were able to analyze the system and write the 
differential equations which expressed its dynamic (or time 
varying) behavior in response to specific input signals or 
stimuli. By application of the Laplace transformation to 
the differential equations, we derived the transfer function, 
a compact, efficient means for representing the dynamic 
characteristics of the system. 

Often the analytical determination of the transfer func- 
tion is difficult, time consuming, or even impossible where 
knowledge of the system is limited. There are, however, 
several experimental techniques by which the transfer 
function may be determined. These may be listed: 1. 
Transient response analysis; 2. Frequency response analy- 
sis; 3. Statistical correlation. 

Transient response refers to the response of the output 
of a system to an abrupt change in input (e.g. a step or 
ramp input signal). Measurements of such characteristics 
of the response as the rise time, percent overshoot, period 
of oscillation, steady state error, etc. may be used to de- 
duce the approximate nature of the governing differential 
equations. Application of this method in determining an 
exact transfer function relationship may be extremely 
tedious, requiring rather good dynamic measurements. 
However, it proves useful in an empirical sense, yielding 
figures of merit for comparing different control systems or 
éxpressing performance specifications in terms of the vari- 
ous response characteristics enumerated above. The tran- 
sient response method has been used extensively in the 
process control field as the basis for determining proper 
controller gain, reset and derivative settings (as for ex- 
ample the Ziegler-Nichols method). 

The statistical correlation method measures the cross- 
correlation between the output signal and a random noise 
signal superimposed on the system input. The transfer 
function for the system may then be determined by statis- 
tical interpretation of these measurements. This method 
has not been extensively applied in the controls field, how- 
ever, the feature that the analysis can be carried out with- 
out disrupting normal operation of the system under study 
is of interest. 

The frequency response method has been widely applied 
to the analysis of servo and control systems. It offers the 
advantages of a simple experimental procedure yielding re- 
sults which are readily interpreted. 
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Analysis of a system by frequency re. 
sponse techniques provides a direct exper. 
imental procedure for determination of 
the transfer function for the system, 


If the input to a linearsystem is varied sinusoidally, the 
resultant output will also vary sinusoidally and with the 
same frequency. Thus, if we designate the input signal as 
e and the steady state response of the system as c (see 
Figure la), we have the relationships: 


e = Asin wt (1) 
ec = Bsin (wt + 6) 
where A = amplitude of input sine wave 
B = amplitude of output sine wave 
w = frequency of input signal, radians/second 
t = time, seconds 
@ = angle (phase) between input and output sine 


waves 


Curves representing the sinusoids of Equation (1) are 
drawn in Figure 1b. Of particular interest with respect to 
the following discussion are the amplitude ratio, B/A and 
the relative phase, 9. 

In general, the amplitude ratio and phase angle relating 
a system input with its response are dependent only on the 
dynamic characteristics of the system and the frequency 
of the input sinusoid. The variation of amplitude ratio 
and phase with frequency, then, is uniquely related to the 
transfer function of the system and provides a direct eX 
perimental procedure for its determination. This procedure 
forms the basis of the frequency response method. 

The transfer function concept is introduced in the Engi- 
neers’ Notebook, ISA Journal, June, 1955, Page 203. A sim 
ple example is the transfer function, G(s) for a first order 
system, given below: 


Cc K 


— on (2) 
E Ts + 1 


I 


G(s) 
where Laplace transform of the output signal 
Laplace transform of the input signal 
steady state gain 
time constant 
Laplace operator 


2nsABa 
i uu 


If we formally replace s in the transfer function expres 
sion by iw, we have what is called the frequency respons 
function, G(iw). Thus, the frequency response function of 
the first order system is: 


1 iwT 
Ce in Oe (3) 
where i = imaginary number, ¥ —1 
w = frequency 
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Figure 1. Block 
Siggram ofa 
linear system 
and graphic 
representation 
of output varia- 
tion with sinus- 
oidal variation 
of input. 
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(b) 


The denominator of (3) is a complex number with a real 
part, unity, and an imaginary part, wT. It can be plotted 
as the point P on rectangular coordinates where the real 
part is measured along the horizontal axis and the imagi- 
nary part is measured along the vertical axis (see Figure 
2). The line OP joining the origin to the point P is the 
vector representation of the complex number plotted as 
point P. This geometric representation gives physical 
meaning to the magnitude and phase concepts to be dis- 
cussed. Thus we may define the magnitude of a complex 
number as the length of its vector representation and its 
phase as the angle this vector makes with the positive real 
axis. 

Referring again to Figure 2, the magnitude, M of the 
quantity (1 + iwT) is the length of the vector OP, and its 
phase is the angle @. From the geometric construction, we 
have the relationships: 


M V1+ (wT)? (4) 
? tan” wT (5) 
Expressions (4) and (5) may be generalized into the 


following rules: 

1. The magnitude of a complex quantity is equal to the 
square root of the sum of the squares of the real and imagi- 
hary parts of the complex quantity. 

2. The phase of a complex quantity is equal to the angle 
whose tangent is its imaginary part divided by its real part. 
(The quadrant being determined by the respective signs 
of the imaginary and real parts of the complex number). 

The frequency response function may contain several 
complex factors of the form (1 + iwT) in the numerator 
and denominator. Accordingly, the following rules (offered 
without substantiation ) concerning the product and ratio 
of complex numbers will be found quite useful. 

1. The magnitude of the product (or ratio) of two com- 
Plex quantities is equal to the product (or ratio) of their 
respective magnitudes. 

2. The phase of the product (or ratio) of two complex 
quantities is equal to the sum (or difference) of their re- 


Spective phase angles. Consider as an example: 


K(1 + iwT,) 


G (iw) nade 
iwT ) 


" (6) 
iwo(1 4 ? 
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SYSTEM 
c =Bsin (w1+e) 


(a) BLOCK DIAGRAM 


INPUT-OUTPUT SINUSOIDS 





then we have:* 


- KV 1+ (wT,)? we 
w/l + (wT.)? 
and 
¢ tan“ wT, — tan™ wT. 90 (8) 
where M and @ are respectively the magnitude and 


phase of G. 

Obviously, the above rules can be extended to any num- 
ber of factors in the numerator and denominator of the 
frequency response function. If we limit ourselves to sys- 
tems which can be described by linear differential equations 
then, in general, the numerator and denominator of the 
frequency response function will be polynomials (in iw) 
which can be factored (in theory at least) into first order 
factors of the form (1 + iwT). As a result, we can deter- 
mine a magnitude and phase for the frequency response 
function in terms of the magnitudes and phases of its com- 
ponent factors. 

The significance of the frequency response function is 
that its magnitude and phase vary with the value of w in 
the very same manner that the steady state amplitude ratio 
and phase determined in a frequency response test vary 
with the frequency of the input sinusoid. Thus we can pre- 
dict the characteristics of a system from its frequency re- 
sponse function. More important, we can construct the 
frequency response function from frequency response test 
data and then readily obtain the transfer function of the 
system. 

A powerful method of representing graphically the fre- 
quency response characteristics is the Bode or logarithmic 
plot. Here, log magnitude (or amplitude ratio) and phase 
angle are plotted against log frequency, Figure 3. 

The Bode plot possesses several important attributes: 

1. The log magnitude and phase curves for the frequency 
response function may be obtained by summing respective- 


*Note that if the factors K and ig are treated a miting forms of the 


complex number, then the same r ‘ Ipply a for the first or j 
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Figure 2. Complex plane plot of frequency response funct- 
ion of a first order system. 


ly the log magnitude and phase curves for each of its com- 
ponent factors. 

2. All first order factors plot into the same set of curves. 
The effect of different values of the time constant, T is only 


to shift the curves parallel to the frequency axis. These 
curves have a symmetry about the corner frequency, 
w. (where w. evr). 


be represented by a 
Thus, for the first 


3. The log magnitude curve may 
straight line asymptotic approximation. 


order factor: 
log M \% log (1 + wT?) (9) 


As w approaches zero then log M approaches zero and we 
have as the asymptote: 

log M 0 (10) 
As w grows very large, then log M approaches log wT and 
the asymptote becomes: 


Figure 3. Bode diagram of log magnitude (amplitude 
ratio) and phase angle plotted against log frequency. 








C—O 


log M log w + log T 


(11) 
The two asymptotes intersect at the corner frequency a8 js 
seen by equating (10) and (11): 


log w + log T 0 (19) 


which is satisfied only for w w. Fx s 

Thus, the log magnitude asymptote is a straight line of 
zero slope for frequencies below the corner frequency and 
is a straight line of slope one for frequencies above the Cor. 
ner value. In like manner, the phase curve approaches 4 
and 90° respectively as the frequency goes from a smajj to 
a large value relative to the corner frequency. In Darticy. 
lar, at the corner frequency the phase is 45 Curve A of 
Figure 3 shows the plot of the first order factor. 

4. The above holds only for factors having rea] Valued 
time constants. Oscillatory modes of response lead to quag. 
ratic factors with complex roots. The Bode plot for sya 
a factor depends on two parameters, a time constant ang 
a damping ratio. 
tersection of the asymptotes which are now lines of slope 
zero and two, respectively. The damping ratio determine 
the shape of the log magnitude and phase curves in th 
vicinity of the corner frequency. Most texts on feedback 
control theory illustrate the family of curves for the quad- 
ratic factor with the damping ratio as the parameter. 

5. A constant gain factor (K) and a factor of the form 
iw (see Equation 6) plot directly as straight lines coine. 
dent with their asymptotes. They can be considered a 
limiting forms of the first order factor having corner fre. 
quencies at infinity and zero respectively (see curves ( 
and D of Figure 3). 

6. A factor in the denominator plots exactly the same as 
a factor in the numerator save for a change in sign. Thus, 
for a first order factor in the denominator (see Curves B 
of Figure 3), the log M asymptotes go from zero to —1 
slope and the phase goes from 0° to —90 

7. Repeated factors are handled in the same way as dis 
tinct factors, i.e. their log magnitude and phase curves are 
repeated in the summation by the number of times the 
factor is repeated in the frequency response function. 

8. An alternative method of drawing the Bode diagram 
is to plot magnitude in decibels and phase in degrees ys. 
frequency expressed in octaves or decades. Octaves express 
the frequency in powers of two, decades in powers of ten 


The number of decibels N of a magnitude M is defined as: 
N 20 log,, M. 


These units are popular because they permit plotting on 
linear graph paper without recourse to log tables. 

To illustrate these points, the Bode plot for the frequency 
response function given as Equation (6) is plotted as Fig 
ure 3 where curves A, B, C, & D represent the component 
factors and curves E represent their summation. The ac 
tual curves are drawn solid, the asymptotes are shown 
dashed. 

The determination of the transfer function for a giveD 
system involves the reverse procedure to that just illus 
trated. Thus the frequency response data are plotted a 


log amplitude ratio and phase vs. log frequency. Asymp> 


totes are drawn based on the points plotted and from theif 
intersections, the time constants of the component factors 
are determined. From these results, the frequency response 
function is constructed, which, by formal substitution of s 
for iw yields the transfer function. An example of this pre 
cedure will be presented in a subsequent installment of the 
Engineers’ Notebook. 

The treatment given here is of necessity brief and incom 
plete and is meant to serve only as an introduction to the 
frequency response approach. For a more complete disci 
sion of the principles outlined, the reader is referred to 
one of the many texts available on servomechanism and 
feedback control theory. 
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by Morris G. Moses 


WRAP STORY: ROLL- 
mm “THE SARAN CKING AUTOMATICAL- 
4 Evan Herbert; Auto Control Vol. 
a 8, pp 16-18, Sept., 1955. Details 
> *sutomation line for handling a sheet 
a material. Operations described 
plastic tured include roll-milling, rewind- 

i itti d packaging. 
1 int tOR DRIVEN VALVES MAKE 
11%. PNOCESSING EASIER” A. Brothman & 
Sid Lidz; Auto Control Vol. 3—No. 3, 
22-23, Sept., 1955. Various circuits 
- depicted for local and remote elec- 
steel supervision of values. Among cir- 
its are valve position reporting scheme 
a multiple valve command via two-wire 


system. P 
. COMPONENTS REACH 
™ soON OUTER SPACE” Robert J. Bib- 
bere; Auto Control Vol. he No. 3, pp 
24-27, Sept., 1955. Description of gen- 
eral ‘instrumentation and problems in- 

in satellite programs. 
we CTRONIC SWITCH _ELIMINATES 
‘ TRANSIENTS” H. Ludwig and J. E. 
Hind, Electronics Vol. 28—No. 10, pp 163- 
165, Sept., 1955. Principle of balancing 
tube characteristics over entire operative 
curve forms basis 5 aaaaemauaas used in 
ntic research. 

ReOUNTING LABELS WITH FERRO- 
RESONANT RINGS” Eric Swarthe and 
Carl Isborn; Electronics Vol. 28—No. 
10, pp 128-129, Oct., 1955. Industrial ap- 
plication of photoelectric pickup and pre- 
set counter provides accurate count and 
control of paper-tape winder. Decade 
counters (plug-in) furnish direct read- 
out for labels. 
723, “PHYSIOLOGICAL MONITOR FOR 
ANESTHESIA” S. R. Gilford and H. P. 
Broida; Electronics Vol. 28—No. 10, pp 
130-134, Sept., 1955. System provides au- 
tomatic monitoring of blood pressure, 
heart rate, pulse-rate, and cardiac ir- 
regularities. Design features include 
protection against environmental hazards 
of operative room, such as explosive 
vapor atmospheres. 
“SUBAUDIO OSCILLATOR TUNES 0-50 
CYCLES” Lawrence Fleming and Wil- 
liam W. Follin; Electronics Vol. 28—No. 
10, pp 144-145, Sept., 1955. Unit with 
beat-frequency oscillator has less than 
0.2 cyele per hour drift and less than 1 
per cent distortion. Output up to 3 volts 
is constant within 2 per cent over the 
frequency range. Heart of circuit is 
high-level mixer utilizing paired selenium 
rectifiers eliminating d-c or capacitance 


coupled amplifiers. 

125, “CURRENT REGULATOR FOR VAN DE 
GRAAF MAGNET” Edwin J. Rogers; 
Electronics Vol. 28—No. 10, pp 151-153, 
Sept., 1955. Voltage and current feed- 
backs control output of amplidyne gen- 
erator to furnish regulated current for 
8.6 MEV van de Graaf accelerator. De- 
tails also given for filtering system. 

126. “SPECTRUM ANALYZER FOR QUARTZ 
CRYSTALS” Thomas E. McDuffie; Elec- 
tronics Vol. 28—No. 10, pp 160-162, Sept., 
1955. Sweep-frequency oscillator has 
constant output voltage over crystal band 
of 0.5 to 20 megacycles. Used with os- 
cilloscope, display gives visible frequency 
spectrum up to plus or minus 300 KC of 
selected center frequency. 

72, PROCESS CONTROL ANALYSIS” Mil- 
lard H. Lajoy and E. Allen Baillif; In- 
struments & Automation Vol. 28—No. 6, 
pp 957-959, June, 1955. Part three in 

series shows how to combine the 
open-loop system and controller equa- 
tions to obtain the closed-loop system 
equation. Order of final equation is a 
function of the number of capacities in 
and accurate evaluation of all 
system constants is essential to success- 
ms, system analysis. 
“THE UNIVAC AND UNIVAC SCIEN- 
_— William Allen and Graham E. 
on: Instruments & Automation Vol. 
No. 6, pp 960-969, June, 1955. Discus- 
of the Univac (Universal Automatic 
an, and Univac Scientific elec- 
ie digital computers. Input circuits, 
un » control and sequence circuits, 
output, and advantages of former are 
summari: together with storage, X- 
register, arithmetic section, input-out- 
buts, \osaed sranetor, linear smoothing, 
rsion and other major feature 
latter machine. ‘ 
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729. 


730. 


731. 


732. 


733. 


734. 


735. 


736. 


737. 


738. 


“AIR TRAFFIC CONTROL—A GROW- 
ING PROBLEM” F. B. Lee; Instruments 
& Automation Vol. 28—No. 6, pp 970- 
971, June, 1955. Abstract of talk given 
by Administrator of Civil Aeronautics, 
April 29, 1955. Topics discussed include 
the airspace problem, Airspace Panel of 
the Air Coordinating Committee, Rapcon 
(Radar Approach Control Center Pro- 
gram) and control tower problems. 
“ELECTRONIC CIRCUITRY” Charles F. 
Keezer and Milton H. Aronson; Instru- 
ments & Automation Vol. 28—No. 6, pp 
972-973, June, 1955. Six more circuits in 
this popular series include a_ divide-by- 
three, dividing with binaries, transistor 
voltage amplifier, one-inch oscilloscope, 
variable-reluctance pickup preamplifier, 
and transistorized preamplifier. Com- 
plete circuit values are given as usual. 
“INSTRUMENTATION OF A MODERN 
STEAM GENERATING FACILITY” J. P. 
Katzenmeyer; Instruments & Automa- 
tion Vol. 28—No. 6, pp 974-981, June, 
1955. Complete story on two  blast- 
furnace-gas-fired boilers supplying 900 
psig and 900°F steam at capacities of 
one-quarter million lb/hr. each. Topics 
covered include forced-draft fans, in- 
duced-draft fans, boiler feed pumps, gas 
precipitators, feedwater treaters, control 
air system, steam temperature control, 
combustion control, and operator training 
techniques. 

“PROBLEMS OF A NEW SOAKING PIT 
INSTALLATION” A. F. Robbins and H. 
Meek; Instruments & Automation Vol. 
28—No. 6, pp 982-985, June, 1955. Sum- 
mary of design factors including instru- 
mentation of a new soaking-pit installa- 
tion emphasizes importance of proper op- 
erator training approach in such an en- 
deavor. Particular stress is put on op- 
erational problems during the “light off” 
phase. 

“NUCLEAR POWER DEVELOPMENTS” 
W. Kenneth Davis; Instruments & Au- 
tomation Vol. 28—No. 6, p 968, June, 
1955. A discussion of present and future 
needs and capacities in the nuclear power 
field which includes graphic data on tran- 
sition from conventional power and also 
total capability versus nuclear capabili- 
ty in generation. 

“WHY A RELIEF VALVE?” Joseph 
Conison ; Instruments & Automation Vol. 
28—No. 6, pp 988-991, June, 1955. Au- 
thor points up many reasons for use of 
relief valves. Among these are fire, 
clocked piping, instrument and _ equip- 
ment failures, vacuum operation, and 
water hammer. 

“DA SHORT DURATION, DOUBLE- 
FLASH SYSTEM FOR SIMULTANEOUS 
OR DELAYED OPERATION” N. Dom- 
browski, R. P. Fraser, and G. T. Peck; 
Jour. Sci. Instr. (London) Vol. 32—No. 
9, pp 329-331, Sept., 1955. Description 
of apparatus rising two separate gas dis- 
charge flash tubes. These can be oper- 
ated simultaneously or consecutively with 
interval variation of 0.01 milliseconds to 
10 milliseconds. Example given for spray 
nozzle study. 

“A MAGSLIP ISOGRAPH” G. M. Parker 
and R. W. Williams; Jour. Sci. Instr. 
(London) Vol. 32—No. 9, pp 332-335, 
Sept., 1955. An analog computer for 
solution of polynomial equations (iso- 
graph). Terms of equation are repre- 
sented by a-c voltages of varying time 
phase. Voltages are obtained from mag- 
slip (synchro) transmitters in circuit 
with resistance potentiometers. 
“PORTABLE RADIATION DETECTORS 
EMPLOYING PHOTOCONDUCTIVE 
CELLS” J. C. S. Richards; Jour. Sci. 
Instr. (London) Vol. 32—No. 9, pp 340- 
343, Sept., 1955. Design pointers are 
given for portable, battery-operated, in- 
fra-red detectors using photoconductive 
cells. Highlights are signal-to-noise ratio 
of amplifiers and “chopping” methods. 
“AN AUTOMATIC SAMPLE CHANGER 
FOR RADIOMETRIC WORK” J. Ryd- 
berg ; Jour. Sci. Instr. (London) Vol. 22-- 
No. 9, pp 343-345, Sept., 1955. Details 
given for design and construction of 
self-contained, automatic sample changer 
adapted to common types of pulse count- 
ers. Predetermined time from one sec- 
ond to 10 days and predetermined count 
from scaling factor to 10° times scaling 
factor are both available. 


739. 


740. 


741. 


742. 


744. 


745. 


746. 


747. 


748. 


749. 


750. 


“OSCILLOGRAPHIC MEASUREMENT 
OF THE PENNING-GAUGE CHARAC- 
TERISTICS” M. Varicak and B. Vosicki; 
Jour. Sci. Instr. (London) Vol. 32—No. 
9, pp 346-348, Sept., 1955. Deflection vs. 
current studies were made of the per- 
formance of a Penning-type vacuum gage. 
Oscillograms, mechanical, and electronic 
circuitry are al] presented. 7 references. 
“A SENSITIVE MANOMETER FOR 
RAPID CHEMICAL REACTIONS” Sir 
Eric Rideal and A. J. B. Robertson; 
Jour. Sci. Instr. (London) Vol. 32—No. 
9, pp 349-350, Sept., 1955. Manometer 
described for pressure range of 1 to 
10-* mm of mercury. Instrument has re- 
sponse time of 10-* seconds. Principle 
is deflection of thin stainless diaphragm 
which acts as one plate of capacitor. 

“A RECORDING WATER VELOCITY 
METER” M. J. Wilkie; Jour. Sci. Instr. 
(London) Vol. 32—No. 9, pp 350-353, 
Sept., 1955. Description given for in- 
strument to measure and record water 
velocities from one centimeter/second to 
several meters/second. Heart of design 
is polystyrene rotor-propeller with capaci- 
tative impedance changes between blade 
tips and fixed point triggering pulse-rate 
tachometer. 

“A SIMPLIFIED FORM OF MICRO- 
WAVE INTERFEROMETER FOR SPEED 
MEASUREMENTS” G. W. G. Court; 
Jour. Sci. Instr. (London) Vol. 32—No. 
9, pp 354-356, Sept., 1955. R-f inter- 
ferometer described in which Doppler fre- 
quency shift due to motion can be de 
termined applications to speed measure- 
— of road vehicles and distances are 
cited. 


- “THE DETECTION OF THE LEVEL OF 


LIQUID SODIUM IN _ STAINLESS 
STEEL TUBES” E. W. Pulsford; Jour. 
Sci. Instr. (London) Vol. 32—No. 9, pp 
362-363, Sept., 1955. Method is based 
upon the change of inductance of a coil 
of wire wound around a sensing tube. 
Two coils make up a normally balanced 
impedance bridge, and liquid threading 
electromagnetic field of one coil upsets 
bridge. 

“ORNL’S DESIGN FOR A POWER RE- 
ACTOR PACKAGE” R. S. Livingston 
and A. L. Boch; Nucleonics Vol. 13—No. 
5, pp 24-46, May, 1955. Description of 
this reactor system covers core, pressure 
vessel, cooling and contro] systems, shield- 
ing, criticality and control calculations, 
and costs. 

“HIGH-ENERGY NUCLEAR PHYSICS” 
Bernard T. Feld; Nucleonics Vol. 13—No. 
5, pp 34-37, May, 1955. Article is inter- 
pretive account of three out of several 
themes discussed at the fifth Rochester 
high-energy conference. 

“ABSOLUTE ALPHA COUNTING” Mary 
Lou Curtis, J. W. Heyd, R. G. Olt and 
J. F. Eichelberger; Nucleonics Vol. 13— 
No. 5, pp 38-41, May, 1955. For activities 
below 10° disintegrations per minute, ab- 
sorption techniques in 2, geometry de- 
termine alpha count and range, back- 
scattering and self-absorption. At 105- 
10° dpm, low-geometry collimated counter 
gives 0.1 per cent accuracy. 

“USING NEUTRONS FOR REMOTE 
LIQUID-LEVEL GAGING” S. Barnartt 
and K. H. Sun; Nucleonics Vol. 13—No. 
5, pp 47-49, May, 1955. Tests of liquid- 
level measurement using a fast-neutron 
source and slow-neutron detector show 
that method works effectively for hy- 
drogenous and light liquids. 

“U-235 NEUTRON THERMOPILE PRO- 
VIDES GREATER SENSITIVITY” T. 
Richard Herold; Nucleonics Vol. 13—No. 
5, pp 64-66, May, 1955. Higher sensitivi- 
ty claimed for U-235 thermopile. Graphic 
and tabular data given include compari- 
son with B® units, computed and meas- 
ured values of U-235 thermopile output 
versus neutron flux, and decay curves of 
B’ and U-235 thermopiles when sub- 
jected to step change in neutron flux. 10 
references. 
“METHOD OF MEASURING THE 
SCREEN POTENTIAL OF CATHODE- 
RAY TUBES” J. R. Young; Rev. Sci. 
Instr. Vol. 26—No. 7, pp 647-648, July, 
1955. Application of Kelvin vibrating 
condenser to measurement of screen po- 
tential in cathode-ray tubes. 
“CONSTANT FLOW-RATE CIRCULAT- 
ING SYSTEM” I. Shapiro and H. Landes- 
man; Rev. Sci. Instr. Vol. 26—No. 7, pp 
652-654, July, 1955. Circulating pump 
designed to produce constant flow rate 
of gas utilizes double-acting “weightless” 
solenoid valves and mercury-piston pump. 


- “ULTRA-HIGH VACUUM VALVE” D. 


G. Bills and F. G. Allen; Rev. Sci. Instr. 
Vol. 26—No. 7, pp 654-656, July, 1955. 
All-metal vacuum valve with leakage con- 
ductance in range of 1 1/sec to less than 
10- 1/sec. Equililnum method of meas- 
uring small leakage conductances is also 
given. 
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On these two pages are brief digests of the outstanding features of the 
llth Annual Instrument-Automation Conference and Exhibit to be held Sep- 
tember 17-21. The ISA Journal will bring to you each month a comprehensive, 


up-to-date account of all Show events as they become formalized. 


The July 


issue will feature an advance program and the giant September issue will carry 


the complete Show program. 


This year’s big ISA Show will be held at New York City’s ultra-modern 


Coliseum and will attract over 500 leading equipment manufacturers to display 


the latest products and developments. 


To make the most of any activity, 


advance planning always pays off — let this theme guide your thoughts con- 
cerning The Industry Show which will outshine any of the past. 


Earth Satellite Sessions Open Conference 


The entire opening sessions at the 
Show will be devoted exclusively to in- 
strumentation in 
the Internation- 
al Geophysical 
Year and its 
Earth Satellite 
program which 
has been dubbed 
Project Van- 
guard. 

William A. 
Wildhack, a past 
president of ISA 
and chairman of 
the IGY Data 
Reduction Com- 
mittee, is coordinator for the sessions 
which will be sponsored cooperatively 
by ISA, the American Rocket Society 
and the U. S. National Committee on 
IGY. 

During IGY, 1957-1958, the world’s 
scientists will conduct the most com- 
prehensive study of the earth ever un- 
dertaken. Over 40 countries will joint- 
ly participate. 

Dr. Joseph Kaplan, chairman of the 
U. S. National Committee on IGY, will 
present the objectives and plans for 
U. S. participation in the International 
Geophysical Year at the opening ses- 
sion on Monday morning, September 
17. Two other papers and discussions 
scheduled for the Monday morning ses- 





William A. Wildhack 


University Exhibit, Human 


Spawned by the needs of the instru- 
ment industry, Control Engineering, 
a McGraw-Hill publication, will spon- 
sor a University Exhibit at the Show 
confined to non-profit developments of 
technical universities in measurement 
and automatic control. ISA is dona- 
ting space at the Coliseum. 

Automatic control in medicine, pro- 
duction, and optimized combustion are 
just a few of the projects expected to 
be on exhibit. 


174 


sions are: The Role of Scientific In- 
strumentation and Geophysical Meas- 
urement, by Dr. A. V. Astin and W. A. 
Wildhack, of the National Bureau of 
Standards; and Problems in Instru- 
mentation for the Satellite, by Dr. 
Richard W. Porter, of General Elec- 
tric. Dr. Porter is also chairman of 
the Technical Panel on the IGY Satel- 
lite Program. 


The Monday afternoon session will 
include these four papers: Scientific 
Instrumentation in IGY Satellite, by 
Dr. Herbert Friedman, of the Naval 
Research Laboratory; Tracking and 
Radio Telemetering in the Vanguard 
Program, by J. T. Mengel, of the Naval 
Research Laboratory; Optical Instru- 
mentation for Satellite Tracking, by 
Dr. Fred L. Whipple of the Smith- 
sonian Astrophysical Observatory; and 
Computational Program for the IGY 
Satellite, by Dr. Paul Herget, of the 
Cincinnati Observatory. 


Representatives of technical panels 
in the IGY will discuss instrumenta- 
tion in their respective fields at the 
Tuesday morning sessions. These pan- 
els are: aurora and air flow; cosmic 
rays; geomagnetism; glaciology, iono- 
spheric physics, longitude and latitude, 
meteorology, oceanography, rocketry, 
seismology and gravity, and solar ac- 
tivity. 


Engineering, Management, and Education Sessions 


Sales of exhibit space for the New 
York Show is ahead of the Los Angeles 
and Philadelphia events, which pre- 
viously had been the Society’s largest 
exhibit. More than 500 leading equip- 
ment manufacturers from both the 
U. S. and foreign countries will display 
their latest products and developments 
in the field of instrumentation and au- 
tomatic control. For space reserva- 
tions, contact Exhibit Manager Fred J. 
Tabery, 250 W. 57th St., New York, 
N.Y. 





COLISEUM-SEPTEMBER 17.21 4 
LARGEST IN ISA HISTORy | Me 


: 

Pond, Fleming Head i 
Technical Sessions 
The Technical Sessions, under 
able direction of Dick Pond and Ph 


Fl eming, e, 
Seared to tom 








sineers 
technicians 
the ever-ineres 
ing field of me, 
urement and» 
tomatic conty 
T hese sessing 
will presen 
typical types 
instruments ay 
Systems f& 
every application ranging from atom’ | 
reactors to soap processing. Typicaly 
the many papers to be presented, 
these sessions is one entitled “Inip 
duction to Sampled Data Systems,” ) 
G. F. Franklin, of the Electrical Eng 
neering Dept., Columbia Universit 
This paper will describe typical comp 
nents which make up a sampled di 
control system and will discuss cy 
acteristic behavior of such systex 
compared to continuous data system 
“Precise Measurements of Dielecth 
Constant over Wide Ranges of fF 
quency and Temperature” is the ti 
of a paper to be presented by Al 
Scott, a physicist with the Natiom 
Bureau of Standards. This paper® 
views the methods of measuring# 
electric constant of solid ins 
material without resorting to edge @ 
rections. 
A. Sperry, president of Panellit, 
Chicago, will present a paper on 
controversial subject of “Pneumati 
Controls vs Electronic Controls.” 
These are just a few of the many 
pers slated for nearly 50 sessions. 
The Technical Sessions are sche 
uled for both morning and afternom 
periods on Monday through Friday @ 
Show Week. 


Richard N. Pond 










Another “must” on your agenda @ 
things to do at the Show is the Bdue 
tion Symposium entitled “Ways all 
Means of Increasing the Training @ 
Manpower in Instrumentation.” 
the Department of the Navy will coor 
erate with ISA at the Show in s# 
soring a Human Engineering Sym? 
sium, and there will be a Managemel! 
Session for executives attending. 
latter session is sponsored by the it 
strument industry. 
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McLeod 


omputers Symposium, chair- 
Bes ~~ Robert W. McLeod of 
the Burroughs 
Corp., and as- 
sisted by Irving 
Lefkowitz of 
Case Institute 
of Technology, 
will be held at 
the Hotel Stat- 
ler on “Thurs- 
day, September 
20, with sessions 
in the morning 
and afternoon. 
A general re- 
view of indus- 





Robert W. McLeod 
trial computers and their role in proc- 
ess control, engineering calculations, 
data reductions and other applications 
will highlight this Symposium. 


The morning period will feature 
papers and discussions on Computing 
Machines, Components, Spheres of 


Announces Plans for Computers Symposium 


Application, Application to Process 
Control, Application Manufacturing 
Operations, and Application to Busi- 
ness and Management Operations. 


Papers on “Integration of System 
and Control,” by Dr. D. P. Eckman, of 
Case Institute of Technology, and the 
“Automatic Factory” will be presented 
at the afternoon program. The author 
for the Automatic Factory will be an- 
nounced at a later date. 


Dr. Eckman’s paper will highlight 
features on computer control, poten- 
tialities of the integrated approach 
and existing limitations and prospects 
for future uses. The inter-relationship 
between process, manufacturing and 
clerical aspects, and the present eco- 
nomic and technological picture, in- 
cluding a forecast for the future, will 
be described in the paper on the Auto- 
matic Factory. It will also detail 
present-day applications of automation. 


Instruments Maintenance Clinic Benefits Outlined 


The Instruments Maintenance Clinic, 
designed and aimed primarily at op- 
erating, mainte- 
nance and ap- 
prentice person- 
nel, will be held 
September 15, 
16, and 17, at 
Columbia  Uni- 
versity. Edward 
M. Feeley, of 
Trinity Equip- 
ment Co., Ro- 
selle Park, N. J., 
is chairman of 
this Clinic cov- 
ering major 


Edward M. Feeley 
phases of maintenance and _ trouble 


shooting of process control instru- 
ments. 

Members of Mr. Feeley’s committee 
are William J. Cesarz, of Esso Stand- 


ard Oil Co., Robert E. Tarring, of 


Analytical Instruments 


The latest advances and develop- 
ments in theory, design and applica- 
tion of instruments for both contin- 
Wous process stream analysis and lab- 
oratory analysis will spotlight the 
Analytical Instruments Clinic which is 
thairmanned by T. R. Vick Roy. 

Clinic sessions are scheduled for 
peaneaday and Thursday, September 

20, at the Statler Hotel, with a total 
ot six selective papers to be presented. 
The Committee’s tentative plans in- 
clude the following sessions: Gas 
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Foster Engineering Co., and Robert C. 
Switzer, of Merck & Co., Inc. 

Sessions will begin Saturday morn- 
ing, September 15, and conclude with 
the opening of the Show on Monday, 
September 17. A special ‘“get-ac- 
quaint” meeting concerning this Clinic 
will be held Friday evening, Septem- 
ber 14, at Columbia University, where 
M. F. Hall, of The Foxboro Co., will 
speak on “Basic Control Functions for 
the Layman.” 

Those attending the Instruments 
Maintenance Clinic will have a choice 
of one of three groups of sessions. 
Each of these three groups will offer 
eight sessions combining lectures, 
demonstrations and actual bench ex- 
perience with the opportunity to as- 
semble and disassemble equipment. 
New mechanics will find considerable 
education and instruction at these ses- 
sions. 


Clinic Set for Statler 


Chromatography; Mass Spectrometry 
for Process Stream Analysis; Contin- 
uous Infrared Analysis; Electrolytic 
Methods of Analysis; X-Ray Spec- 
troscopy; and Optical Process Stream 
Analysis. 

For the convenience of registrants, 
each session will be repeated four 
times, once in the morning and once 
in the afternoon on both Wednesday 
and Thursday. This will enable regis- 
trants to attend any session at a time 
convenient to their schedules. 


‘Pioneering’ Contest 
New Feature of Show 


To stimulate new ideas and inven- 
tions for the advancement of instru- 
mentation, ISA 
will sponsor a 
“Pioneering in 
Instrumenta- 
tion” contest 
for both users 
and manufactur- 
ers at the Show. 
E. A. Adler is 
chairman of 
this event which 
carries the 
theme of “A 
New Instrumen- 
E. A. Adler tation Idea.” 

According to Chairman Adler, the 
reason for this theme is two-fold—first 
to emphasize the underlying idea of 
the contest, and secondly, to popularize 
participation. Anyone having any as- 
sociation with instruments could have 
a winning idea. 

Competition will be divided into 
four general classifications: Process; 
Medical-Biological; Aeronautical; Data 
Handling. Ideas and inventions ac- 
cepted by Mr. Adler and his committee 
will be displayed throughout Show 
Week at the Coliseum. 

Awards are being planned under 
both user and inventor categories. 
Eligibility will be limited strictly to 
products not already being manufac- 
tured or on the current market. 








Host Committee Preps 
For New York Show 


The joint New York-New Jersey 
Section Host Committee for the 11th 
Annual Instrument-Automation Con- 
ference and Exhibit is making cer- 
tain there will not be a dull moment 
for any member and his wife during 
the week of the Show—September 17- 
21. 

In addition to the technical sessions, 
clinics, symposia, workshop, and ex- 
hibit activities, a wide range of Society 
festivities are being planned. These 
include committee meetings, plant 
tours, President’s reception, council 
meetings, executive board meetings, 
the annual banquet, employment serv- 
ice and many more events of both a 
social and business nature. 

Geared to feminine tastes, the ladies 
activities arranged for the Show will 
satisfy madame’s fancy whether it falls 
in the category of operas, fashion 
shows, social functions, or, and even, 
plant tours. 

In short, the Conference, the Ex- 
hibit, the social activities, the Society 
meetings, plus the unprogrammed at- 
tractions of New York’s theatres, night 
clubs, stores, and restaurants makes 
the week of Sept. 17-21, 1956 a “must- 
be-there” item in your personal plan- 
ning. 
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Data Handling Workshop 
Related to Two Problems 


The general theme of the Data Han- 
dling Workshop will be related to 
these two pri- 
mary problems 
— the automatic 
handling and re- 
duction of data, 
and the semi- 
automatic  han- 
dling and reduc- 
tion of data. 

Donald B. 
Prell, of Benson- 
Lehner Corp., is 
chairman of this 
popular Work- 
shop's featuring 
sessions on Monday afternoon and all- 
day Tuesday, September 17 and 18, at 
the Statler Hotel. 

The Monday afternoon period will 
be a general session attended by all 
registrants in the Workshop and will 
feature discussions relating to the 
semantics of data reduction, and sev- 
eral panel discussions among authors 
of various papers and experts in the 
field. 

Four horizontal sessions are sched- 
uled for Tuesday morning where 
people from various industries and 
fields will meet and discuss these top- 
ics: semi-automatic data reduction of 
oscillographic film records; elements 
in the automatic data handling and 
data reduction system; systems in use 
or being installed; and future require- 
ments for 1960. 

Vertical sessions are scheduled for 
Tuesday afternoon which will offer an 
interchange of information between 
members of the same field. The fields 
covered in these vertical sessions are: 
aircraft and missile, aircraft engine 
test, wind tunnel, chemical and proc- 
ess control, exploration geophysics, 
medical research, general industrial 
research laboratories, and meteorologi- 
eal. 

Although a participant will join one 
of the above Tuesday morning or after- 
noon sessions, he is encouraged to ro- 
tate from one room to another since 
these sessions will be carried on simul- 
taneously. 

Pre-registration will be accepted for 
this Workshop until August 30. Regis- 
trants will be mailed the technical pa- 
pers and can attend armed to the hilt 
with ideas and questions. 





Donald B. Prell 





Make Reservations Early 
fortheNew YorkISAShow 


11th Annual Instrument-Automation 
Conference & Exhibit, Coliseum 
New York, Sept. 17-21, 1956 
Headquarters Hotels 
Hotel Statler 
Hotel New Yorker 
For Reservations Write 


New York Convention & Visitors 
Bureau, 90 E. 42 St., N. Y. C. 
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SAMA Elects Officers 
At Florida Meeting 





SCIENTIFIC APPARATUS Makers Asso- 
ciation officers at the annual meeting of 
the organization held last month in 
Florida are (left to right): R. E. Welch, 
president pro tempore; Henry F. Dever, 
president; and T. M. Mints, treasurer. 


Election of new officers was a main 
feature of the 38th annual meeting of 
the Scientific Apparatus Makers Asso- 
ciation, held last month in Belleair, 
Fla. 

Henry F. Dever, president of Brown 
Instruments Division, Minneapolis- 
Honeywell Regulator Co., and an ISA 
member, was re-elected president of 
SAMA. He had been SAMA president 
the past year. 

R. E. Welch, also an ISA member, 
remains as SAMA president pro tem- 
pore. Mr. Welch is vice president and 
treasurer, W. M. Welch Mfg. Co., Chi- 
cago. T. M. Mints, president of E. H. 
Sargent & Co., Chicago, continues as 
SAMA treasurer. 

Re-elected SAMA section chairmen 
are: Louis L. Vayda, G. H. Burrell, 
and O. L. Lethander. L. W. Higgins 
was elected chairman of the optical 
section succeeding L. B. McKinley. 
R. E. Olson, an ISA member, was 
elected chairman of the recorder-con- 
troller section, manufacturers of proc- 
ess control instrumentation. 

Serving as SAMA directors-at-large 
will be L. B. McKinley, G. A. Downs- 
brough, Russell Brittingham, E. J. 
Rhein, and E. J. Albert, an ISA mem- 
ber. 

Harold B. Richmond, board chair- 
man, General Radio Co., and an ISA 
member, received the SAMA award “in 
recognition of his leadership, vision 
and devotion to the growth and prog- 
ress of the scientific instrument in- 
dustry.” 

Executives and leaders in the coun- 
try’s scientific and industrial instru- 
ment industry attending the meeting, 
April 8-12, heard such widely diversi- 
fied subjects as research, product de- 
velopment, sales planning, manage- 
ment planning, labor relations, pat- 
ents and many others during the ses- 
sions and discussions. 

Among the many notables attend- 
ing the event were ISA President 
Robert T. Sheen and ISA Executive 
Director William H. Kushnick. 


FUTURE ISA MEETING 


August 21-22, 1956 
Nationa] Telemetering Conf : 
by ISA, IRE, AIEE and IAS, to, um 
the yee Hotel, Los Angeles Calif v 
tact Richard Wendt, 124 D . 2 

burgh 33, Pa. a Pit 


September 17-21, 1956 


11th Annual ISA Instrument-Automat; ’ 
ference and Exhibit to be held at Neo we 
Coliseum, New York, N.Y. For furhet! 
formation contact Executive Director w 4 
H. Kushnick, ISA, 1319 Allegheny Ave., Pitty, 
burgh 33, Pa., or Fred J. Tabery, Brhip 
Manager, 250 W. 57th St., New York, N.Y 





Case Institute Offers 
‘Operations Research’ 


The Operations Research Group of 
the Dept. of Engineering Administy. 
tion at Case Institute of Technology, 
Cleveland, is offering a two-week cours | 
in “Operations Research,” June 4-15 

Objective of the course is to provik | 
a short intensive survey of methods | 
techniques, and tools of operation | 
research with emphasis on applies. 
tions to business and industry. Cas 
histories will be used and the cours 
will provide a foundation for develop. | 
ment of technical competence. It is | 
designed to provide an understanding | 
of how and where Operations Re | 
search can be used. 

Registration will be limited to the | 
first 50 qualified applicants. Pre | 
requisites include research experienc | 
and sufficient knowledge of mathe 
matics to understand mathematical | 
symbolism. 

Case Institute also announced that 
a special two-week short course i 
“Linear Programming and Related 
Techniques in Operations Research” 
will be held in September. 

For more information contact W. 
W. Abendroth, Operations Research 
Group, Engineering Administration 
Dept., Case Institute, 10900 Euclid 
Ave., Cleveland 6, Ohio. 





ISA Represented at ASA 
Committee Meetings 


' 
; 
; 
i 
| 


The American Standards Assn. Sib 
committees Y-14 and Y-32 recently 
completed tentative American Stand- 
ards for Fluid Power Symbols 
Fluid Power Diagrams. 





years to complete with a total 
two-day committee meetings im 
ous cities throughout the coun 

George A. Larsen of the Texas 
and David Hostedler, of the 
Wheeler Corp., represented ISA 
this project. The committee was 
prised of representatives from 
try, the Department of Defense 
other technical societies. 


The two projects required “ 


ISA Jo 
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New Membership Chairman Outlines 


Plans and Functions of Committee 


by Thomas W. Waldrop 


Mr. Waldrop is a member of the Atlanva Se 
tion and is District Manager, Republic Flaw Me 
ters Co., Atlanta. He is also a member of the 
American Society of Mechanical Engineers, Tect 
nical Assn. of Pulp and Paper Industry, Florida 
Engineering Society and Georgia Engineering So 
ciety. 








District Chairmen 


J. J. Burnett 

The Foxboro Company 
4546 Oakton Street 
Skokie, Illinois 

G. D. Carnegie 

King Instrument Company 
P.O. Box 7283 

Cleveland 29, Ohio 

W. G. Baker 

1133 Brentwood Blvd. 

St. Louis, Mo. 

J. E. Hart 

Taylor Instrument Companies 
945 Great Plains Ave. 
Needham 92, Mass. 

J. J. Hillen 

Peacock Brothers Ltd. 
P.O. Box 1040 

Montreal, Quebec, Canada 
Donald R. A. Jones 
Moore Products 

6214 W. Manchester Ave 
Los Angeles 45, Calif. 


R. M. Kinney 
Baldwin-Lima-Hamilton Corp. 
1336 Wyatt Bldg. 
Washington, D. C. 


Howard W. Marston 
Minneapolis-Honeywell 

621 E. Hennepin Avenue 
Minneapolis 14, Minn. 

E. Roy Myers 

427 Temple Bar Bidg. 
Cincinnati 2, Ohio 

Robert A. Henley, Asst. Ch. 
427 Temple Bar Bldg. 
Cincinnati 2, Ohio 

John Ohman 

Southwest Research Institute 
8500 Culebra Rd. 

San Antonio 6, Texas 

D. J. Pompeo 

Shell Development Company 
Emeryville, California 

A. M. Shore 
Baldwin-Lima-Hamilton Corp. 
Philadelphia 42, Pa. 

P. J. Slavish 
Baldwin-Lima-Hamilton Corp. 
567 Union Trust Bldg. 
Pittsburgh 19, Pa. 

John T. Elder 

1845 Fair Oaks Rd. 
Kingsport, Tenn. 





Vice President A. A. Anderson has 
appointed me to serve as Chairman of 
the Sections and Membership Commit- 
tee, succeeding retiring Chairman 
F. G. Tatnall. 

During my predecessor’s one-year 
term of office the Committee has 
grown from a comparatively unnoticed 
group into an organized team operat- 
ing effectively in 16 districts. My ap- 
pointment culminates five years serv- 
ice on the Committee which now func- 
tions virtually as an ISA “sales force.” 

Its objectives are to strengthen each 
Section of the Society and pursue the 
formation of new ones. Myself and 
the District Chairmen are responsible 
for the development of new Sections 
from an embryo stage to the time when 
a charter is authorized by the Execu- 
tive Board. 





















The District Chairmen are alse re- 
sponsible for the membership growth, 
health and general well-being of all 
Sections within their respective dis- 
tricts. Local Section officers report 
directly to these District Chairmen 
who relay their findings and informa- 
tion to me. I, in turn, report to Vice 
President Anderson. The District 
Chairmen are concerned with all Sec- 
tion activities, policies, types of meet- 
ings and educational undertakings— 
symposia, clinics, workshops, etc. re- 
lated to Section membership growth 
and a smooth running Section organi- 
zation. 

Plans for a General Membership 
Drive are now being formulated to 
run concurrently with the llth An- 
nual Instrument-Automation Confer- 
ence and Exhibit. We hope for a suc- 


cessful campaign. Our Committee has 
taken on several projects for this year. 
We decided the greatest need for help 
was in the smaller Sections, and, as a 
result, District Chairmen are now 
visiting these Sections, making talks 
and assisting in the arrangement of 
interesting programs. 

A new guide on Section Constitution 
and By-Laws is available from the 
National Office. A manual on how to 
form a new Section is also available 
from the same source and a manual of 
operations for members of my Commit- 
tee has been mailed. 

Our Committee is a service for the 
Sections and the members. Help us 
to help you! District Chairmen and 
their addresses are listed above. Don’t 
hesitate to contact them for help. 





THESE MEMBERS of the ISA 
Education and Research Founda- 
tion Development Commission 
met at the Foxbore Co. on March 
29 to discuss formation of the 
Commission and make recommen- 
dations to the Executive Commit- 
tee. Left to right (seated) are: 
Robert T. Sheen, national presi- 
dent: Thomas R. Jones; Rex 
Bristol, chairman of the commit- 
tee; and Dr. Robert J. Jeffries. 
Standing left to right are: Wil- 
liam A. Wildhack, past national 
president; William H. Kushnick, 
ISA Executive Director: and J. 
T. Vollbrecht, national treasurer. 






















































Announcing the 
Charles A. Hansen Award 


ISA will pay tribute to Charles A. 
Hansen, one of its most valued mem- 
bers who died Sept. 10, 1953, by estab- 
lishing an Award in his honor — the 
first of which will be presented at the 
1ith Annual Instrument-Automation 
Conference and Exhibit in New York 
City, Sept. 17-21, 1956. 

This award will be presented for 
outstanding papers in the field of In- 
strumentation and automatic control 
at ISA meetings. It will not be pre- 
sented annually or on any specific 
timetable. . 

For several months the D7 Commit- 
tee studied the possible establishment 
of such an Award and at the Nov. 19, 
1955 meeting of the Executive Board, 
the project was turned over to the Hon- 
ors and Awards Committee for recom- 
mendation and action. The Executive 
Board approved this Committee’s rec- 
ommendations that the best paper pre- 
sented at the New York meeting be 
given the first Charles A. Hansen 
Award. A Committee headed by James 
Beardsley was formed to make the 
paper selection. 

Mr. Hansen was returning from an 
ISA meeting in Cleveland when his 
death occurred from a heart attack on 
the train he was riding. At the time 
he had been nominated for National 
Vice President and was Chairman of 
D7 Committee on Instrumentation for 
Production Processes. 

Mr. Hansen was head 
al Electric’s Instrument 


of Gener- 
Engineering 





ExecDirector’s Diary 











When you read this Diary, the na- 
tional office will be in new quarters in 
Pittsburgh. We have 11 individual of- 
fices comprising about 3000 square 
feet in an office building in the heart 
of the city. While the space is just 
ordinary as office space goes, compared 
to where we were located we feel we 
have moved into “heaven.” 

I sincerely hope every member who 
is in town or comes to Pittsburgh will 
look in on us. The welcome mat is 
permanently fixed on the fifth floor 
of the Granite Building, 313 Sixth 
Ave., Pittsburgh. 
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troup at Knolls Atomic Power Lab- 
oratory, Schenectady, N. Y., and was 
a charter member and past president 
of the Eastern New York Section. 

Mr. Hansen graduated with a B.S. 
Degree in Physics from Union College 
in 1930. He did graduate work at the 
same College from 1930 to 1931, then 
taught in secondary schools until 1937 
when he became a special instruments 
development engineer at the General 
Engineering Laboratory of General 
Electric Co. 

In 1946 he moved to Richland, Wash. 
as assistant superintendent of the In- 
strument Department, Hanford Works, 
and returned to Schenectady in 1948, 
assuming the position he held when 
he died. 

A. J. Bialous, president of the East- 
ern New York Section at the time of 
Mr. Hansen’s death, paid tribute to 
him with this message which appeared 
in the October, 1953 issue of the ISA 
Journal, then incorporated as part of 
Instruments magazine: 


“Charles A. Hansen became inter- 
ested in instrumentation at a later 
age than most of us, but he pursued 
his new avocation with unbounded 
enthusiasm. Whether it was gas 
analysis or instrument education, 
flux measurement, or ISA activities, 
his every action reflected his enjoy- 
ment of the task at hand, and his 
associates invariably caught this 
spirit. The challenge of the instru- 


There will be a library for our mem- 
bers, interchangeable into a meeting 
room for our committees and Execu- 
tive Board. It will serve as a mem- 
bers’ lounge as well. 

This physical change is well timed 
with the expanding program of ISA 
services and activities. Plans are be- 
ing completed to reorganize the So- 
ciety’s technical activities into indus- 
try divisions. Each member will be 
affiliated with a division and each di- 
vision will program meetings and pub- 
lish transactions. At the same time 
a Foundation for Instrument Educa- 
tion and Research will be established 
to foster an expanded program through 
our national office. A new department 
will be set up under an Education Di- 
rector to promote training centers at 
the schools and colleges all over the 
country and assist ISA Sections in 
conducting clinics and symposia. 










mentation problem connected 
atomic power fascinated him a 
gave unstintingly of his time 
energy to work on it and tell® 
ISA associates of it. This he tg 
done for all of us with devotion ai 
sacrifice.” 


Mr. Hansen’s contributions to thei 
Committee, the many friends he mab 
while serving, and the many occasion 
on which he went out of his wayt 
further the objectives of the Society 
and his profession, stimulated the ® 
terest of CIPP to set up an Awardit 
his honor. 

The Award will make it possible fe 
members of the Society to recogniz 
their contemporaries who have pi 
lished outstanding technical contri 
tions, and will also be a goal for speak 
ers and members to strive towatl 
thereby improving the stature of th 
Society. It is truly a fitting Hom 
for Charles E. Hansen, who servé 
ISA so well. 





Our ISA Journal editorial staff wi 
be increased to obtain new and imp? 
tant materials of interest to our ret 
ers. Regional conferences, to suppl 





ment our annual Conference are a 
on the calendar for 1957 and late 
years, and our staff will be augment 
to provide national office direction 0! 
all these large scale meetings. 

In short, ISA is truly on the mov 
Our growth of service and influent 
has not been slow, but with these 
turing plans we can be confident 
greatly accelerated accomplishmelt 
for the benefit of our members, @ 
Sections, our industry, and for the mt 
tion as a whole. 
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Fairfield County 
Receives Charter 











Philadelphia Section Holds 


The Philadelphia Section recently 
announced that its Education Commit- 
tee inaugurated a series of “Practical 
Sessions’’—regular monthly meetings 
devoted to satisfying the needs of in- 
strument technicians and mechanics. 

The pattern of these meetings is 
similar to those of the Instruments 
Maintenance Clinic stagec during the 
national ISA Conventions. Each meet- 











ing is addressed by a lecturer with 
knowledge and experience in instru- 
ed ment service and maintenance. Field 

L a 

me * — 

tell 

he lit} NATIONAL TREASURER J. T. Volibrecht 

ton al } presents a Section Charter to Dr. Robert Richland Section Holds 
Jeffries, president of the new Fairfield 

toa satan at a meeting in March. Annual Instrument Show 

a J. T. Vollbrecht, ISA Treasurer, pre- : ered i ae 

s way, sented the new Fairfield County Sec- a SCHOEN re ‘- “e ~ 7 oar? 

» Sociey} tion with its Charter at a meeting in the Fifth Annua aciti f orthwest 

4 the fe March which was witnessed by a large Instrument Vendor - Show sponsored 

Award} stoup of engineers and executives. by the Richland Section, May 9-10. 

Following the presentation Mr. Voll- The Show was held at the Com- 
ssible fe! brecht discussed the financial status munity House in Richland, Wash., and 
recognip) and potential growth of the ISA, featured the instrumentation and au- 
ave pub) Among the notables present were Rob- tomation products of over 150 nation- 
contri @rt Hutcheon, vice president of the ally known manufacturers. There 
tor spelt New York Section; Dr. J. Thurston, di- were approximately 60 booths with en- 

. towart’ tector of research laboratories, Ameri- gineering personnel on hand to dem- 

re of thy can Cyanamid; C. G. Roper, chief engi- onstrate equipment and discuss ap- 

1g Hone} neer, Manning, Maxwell & Moore; John plication problems with visitors. 

o servé) Lucas, director of plant design, Dorr- Members of the Richland Section 
Oliver Corp.; and Dr. Van Zandt Wil- responsible for planning the Show in- 
liams, vice president of the Perkin- cluded: R. A. Rohrbacher, general 
Elmer Corp., and director of its Instru- Show chairman; W. A. Richards, presi- 
ment Division. dent of the Section; and G. R. Wilde, 

Main speaker of the evening was E. S. Day, Jr., G. F. Ehlers, E. E. 

Frank B. Tatnall, of Baldwin-Lima- Mitchell, R. C. Theil and J. K. Flick- 
| Hamilton Corp., and former Chairman inger were Show sub-chairmen.—W. A. 
staff wi of the ISA Sections and Membership Richards. 

nd — Committee. His talk included strain 

our sage application in the aircraft indus- 

0 supple} try, medical research and other areas. 

are rs —B. Zahn. 

and late! 

ugmentet 

ection ol 

3. — 

the moe 

influent 

these) RECENTLY-ELECTED officers of the 

yfident ©} = lampa Bay Section are (left to right) : 

lishment William Bolton, Secretary; William Bar- 

bers, 0 sean President; D. D. Smith, Vice 

or the mt Williarn i _ ISA Executive Director 

» Kushnick. Mr. Kushnick was 

— Speaker at the installation dinner. 

og Hart, Treasurer, is not included 
sroup.—R. D. Wood. 
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SECTION CORRESPONDENTS sre invited 
to submit Section News to the 
ing Editor, Netions! Office. 
is 10th month preceding month of 
publication. Clear glossy photos of ‘‘ac- 
tion’ news are desired with identifications 


‘Practical Sessions’ Series 


service or training men answer ques- 
tions and demonstrate equipment un- 
der discussion. 

The first session of this program was 
held April 6 and was entitled “‘Main- 
tenance of Electronic Potentiometers.” 
J. E. Casey, of Leeds & Northrup Co., 
presented this session and was assisted 
by R. Dresher and P. Brauman, also of 
Leeds & Northrup. 

The second session was held May 3 
and was devoted to the “Maintenance 
of Filled Thermal Systems.’’—Joseph 
Imber. 


Chicago Co-Sponsors 
Process Control Institute 


The University of Wisconsin, in co- 
operation with the Chicago Section, 
sponsored a “Process Control Insti- 
tute” at the University, April 19-20. 

The Institute consisted of informal 
talks, panel discussions and films on 
instrumentation for process control.— 
R. T. Kohler. 


e National President Robert T. Sheen 
will be guest speaker at the May 17 
meeting of the Detroit Section. He 
will discuss the aims of ISA and its 
functions as a national organization. 
Instrumentation techniques used in 
studying internal combustion engine 
developments were discussed at the 
Section’s April meeting. Material was 
presented by R. A. Gallant of the 
Chevrolet Experimental Laboratory. 
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e John L. Kontz, of the Bailey Meter 
Co., used slides to illustrate his talk 
on “Automatic Control of Combustion 
and Feed Water of Boilers” at the 
March meeting of the Cumberland 
Section. Officers for the coming year 
were nominated at a short business 
meeting preceding Mr. Kontz’s talk. 


e E. Collender, of the Celanese Corp. 
of America, and President of the 
South Texas Section, presented a talk 
entitled “Semi-Works Adoling Unit— 
Plug in Style,” at the March meeting 
of the Section. 


e Henry W. Stoll, of Taylor Instru- 
ment Companies, covered “Fundamen- 
tals of Flow Measurement” at the 
April 10 meeting of the Indianapolis 
Section. Mr. Stoll heads the Fluid Dy- 
namics Division of the Applications 
Engineering Dept. at Taylor. 


e Members of the Wichita Section 
heard a talk on “The History and Ap- 
plication of Pneumatic Refrigeration 
Controls” at the April 9 meeting. 
Andrew H. Scott, of the Johnson Co., 
was guest speaker. 


e “The Role of the Infra-Red Nega- 
tive Filter Analyzer” was the subject 
of a talk by Glenn Smith, project en- 
gineer, Baird Associates, Inc., at the 
April meeting of the Kansas City Sec- 
tion. Three members of the Section 
presented a panel discussion on “Fun- 
damental Outline on Instrumentation 
Required for Stress and Vibration.” 


e Two illustrated talks entitled “Ex- 
ternal Strain-Gage Instrumentation at 
Transient Elevated Temperatures,” 
and “Wiancko Digital Systems,” high- 
lighted the April 11 meeting of the 
Los Angeles Section. Irving Sherlock, 
of Northrop Aircraft Corp., Robert 
Geiger, also of Northrop, and K. L. 
Windsor, of Wiancko Engineering Co. 
were speakers. 


e Milton Schreiner, of The Foxboro 
Co., John Fredericks, of George H. 
Fredericks & Co., Inc., and William 
Eckdahl. of Repuvlic Flow Meter Co., 
discussed “Installation Problems & 
Tips” at the April meeting of the Fox 
River Valley Section. 


e The Richland Section cooperated 
with local chapters of the American 
Society for Metals, American Chemi- 
cal Society, American Institute of 
Chemical Engineers, and the Ameri- 
can Institute of Electrical Engineers 
in cosponsoring a meeting March 22. 
C. H. Fellows, ASTM President, was 
speaker. 


e Bernard Edelman, of Electro In- 
struments Co., San Diego, discussed 
“Transistors — Theory and Applica- 
tion” at the March gathering of the 
Mojave Desert Section. 
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Pewoual Notes 


The most interesting thing to most people — is other people 


Cortland Van Rensselaer, a member 
of the Northern California Section 
and an official of the Hewlett-Packard 
Co., Palo Alto, 
Calif., was ap- 
pointed Deputy 
Director of the 
Scientific, Mo- 
tion Picture and 
Photogra- 
phic Products 
Division, of the 
Business and 
Defense Serv- 
ices Adminis- 
tration, U. S. 
Dept. of Com- 
merce. He will 
serve actively for some six months, 
then continue as a trained reservist. 
Mr. Van Rensselaer is Assistant 
Sales Manager of Hewlett-Packard. 





C. Van Rensselaer 


& & # 


Beckman Instruments, Inc., Full- 
erton, Calif., has announced _ the 
apnointment of Philip Evans as sales 
engineer for 
Infrared Spec- 
trophotome- 
ters. Mr. 
Evans is a 
member of the 
Seattle Sec- 
tion. He was 
formerly = as- 
sistant sales 
manager in 
charge of tech- 
nical sales for 
Scientific Sup- 





Philip Evans 
ply, Seattle, Wash., for the past 10 


years. Prior to his association with 
Scientific Supply, Mr. Evans was a 
metallurgist at Collins Radio. He is 
also a member of the American Chem- 
ical Society, American Society of 
Metals, and the American Society for 
the Advancement of Science. 


e “Functional Behavior of Control 
Valves” was the timely subject of a 
talk at the March meeting of the Bal- 
timore Section. Ralph Rockwell, chief 
engineer of Minneapolis-Honeywell 
Regulator Co. Valve Division, was 
speaker. 


e Selected topics on both instrumen- 
tation and ISA were covered by Na- 
tional President Robert T. Sheen at 
the March meeting of the Atlanta Sec- 
tion. Sherman Prosser, applied sci- 
ence representative for the IBM Corp., 
spoke on “Commercial Applications 
for Data Processing Systems and 
High-Speed Computers” at the Feb- 
ruary meeting. 








Dr. W. G. Brombacher, Natio, 
ISA Secretary, was presented recent: 
with an IRD Honors Award of 4 
Instruments gy 
Regulators i! 
Vision of & 
American Sq. 
ty of Mecha 
cal Engine 
He was give 
the a ward fy 
rs *-* his Out.) 
standing contr, 
butions to & 
velopment anj| 
8S tandardi. 
zation ing 
phases of m 
chanical instrumentation, for work» 
collection and publication of instr. 
ment bibliography, and for his tix 
less efforts on behalf of the Insin. 
ments and Regulators Division of fs 
ASME.” Last year E. S. Smith; 
member of the New York Section,» 
ceived the Award. 





Dr. W. G. Brombacher 


Marvin D. Weiss, a member of th 
New York Section, has been name 
manager of the Analysis Instrume 
tation Divisia 
of Fischer ¢ 
Porter & 
Hatboro, Pt 
Mr. Weiss i 
Chairman ¢ 
the ISA Su 
committee @ 
Chemica 
Methods@ 
Analysis lt 
strume?t 
tation and § 
handling ! 


Marvin D. Weiss 
session on chemical methods of analy 
sis instrumentation in air pollute 





control for the New York Show# 


September. Mr. Weiss was formetl 
chief engineer of Hoke, Inc. 


* + 


Appointment of Frederick M. Rut 
ledge, a member of the Birmingha® 





Section, as chief control engineer fot 
The Hays Corp. has been announeé 
by Phil Sprague, Jr., executive vit 
president. Crayton H. Schwestka 
named chief design engineer. * 
Rutledge previously headed at ® 
strumentation and control group fu 
Southern Services, designers of powe 
plants for a group of southern @ 
ties. 
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(Continued From April Roster) 
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a F. Johnson, Warren Petroleum 
Ler hitman, Warren Petroleum Corp. 
H 
at W. Longston, Union Carbide Nu- 
clear Corp. : Sad 
C. 8. Te Union Carbide Nuclear Corp. 
ANDL 
9 D. Harbour, Phillips Chemica] Co. 
PERMIAN BASIN y 
J. W. Graybeal, Humble Oi] & Refg. Co. 
PHILADELPHIA 


W. M. Ballerstedt, Moore Products Co. 
Alfred Deutsch, Catalytic Construction Co. 
Henry F. Dever, Minneapolis-Honeywell Reg. 


F . J. Dortort, Consolidated Electrody- 
namics Corp. 
F. Eisele, Leeds & Northrup Co. 

John L. Friling, Brooks Rotameter Co. 

Vernon F. Graham, Jr., Sun Oil Co. 

Frank P. Houpt, Fischer & Porter Co. 

Milton Mark, I.R.C. 

Don Moffa, Franklin Sugar Refinery 

Richard A. Mumma, Fischer & Porter Co. 

Robert V. Schultek, John C. Whiddett Co. 

Alan G. Simmons, Fischer & Porter Co. 

David A. Tracis, Catalytic Construction Co. 

Joseph Wapner, Fischer & Porter Co. 

— E. Weber, Beckman Instrument, 
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PITTSBURGH 

R. W. Bowers, Duquesne Light Co. 

Philip E. Markle, Hagan Corp. 

Leonard B. Parks, U. S. Navy 

James A. Werling, Duquesne Light Co. 
PORTLAND 

Carl E. Carlson, Wallace & Tiernan, Inc. 

Glenn Foulkes, Instrument Laboratory, Inc. 

Miles F. Handy, Coos Bay Pulp Corp. 

Frank M. Mehle, Bailey Meter Co. 

Heinz Nowak, Hydraulic Power Eqpt. Co. 

Wesley H. Ochs, Crown Zellerback Corp. 

Donald W. Olsen, Crown Zellerbach Corp. 
RICHLAND 

E. See Say, Jr., General Electric Co. 

D. W. Morris, General Electric Co. 

William F. Walker, General Electric Co. 
SABINE NECHES 

H. D. McAdams, E. I. du Pont de Nemours 


ST. LOUIS 
nes Lancaster, Board of Education 

Richard D. Baxter, Convair 

John H. Jensen, Bendix Aviation Corp. 

8. Hansen, Convair 
Norman Fong, mel 
» Ryan Aeronautical Co. 

Eric M. Campbell, Convair iguana 

Marvin R. Boyce, Jr., Convair 

marwe . — Convair 
sat - Pee, Convair 

ames F. Probert, | i il L 
SAVANNAH Riven mperial Oil Ltd. 

— wa _ E. I. du Pont de 
rs ; 
SCIOTO VALLEY . 
r E. Fischer, Goodyear Atomic Corp. 

south =. Goodyear Atomic Corp. 

ames A. Eaves, Southern Minerals Corp. 

— F. Ehrenberg, Humble Oil & Refg. Co. 
tampa J. Miller, Celeanese Corp. of America 


Derwin B. i 
TORONTO Smith, Grimm & Co. 
est D. Doran, Dominion Flow Meter Co. 
Joseph R. Rogers, The Bristol Co. ahs 
of Canada, Ltd. 
TULLAHORmth Hinde & Dauch Paper Co. 


ween M. Robinette, ARO, Inc. 


John i 
Wwin'cliy Skelly Oil Co. 
0. Larson, Remington Rand 
faymond V. Rozycki, Wood Conversion Co. 
4 : eer. Toro Manufacturing Co. 


William A. Linton, J 
: » Jr., Ordnance Engr. Co. 
joule F. Sill, A. Daigger & Co. : 
Standen enrickson, National Bureau of 
WICHITA 
ames N. Arrington Boeing Air 
. plane Co. 
Duane E. Schowalter, Boeing Airplane Co. 
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WILMINGTON 
James E. Holland, E. I. du Pont de 
Nemours & Co. 
John M. Quirk, Taylor Instrument Co. 
Walter J. Sincoskie, E. I. du Pont de 
Nemours & Co. 
MEMBERS AT LARGE 
Ellsworth M. Dixon, Douglas Aircraft 
Co., Ine. 
David M. Wylie, Consumers Corp. 
Paul W. Taiclet, Shel! Oil Co. 
FOREIGN 
John Tary, APO 68, San Francisco, Calif. 


MAY ROSTER 


ARK-LA-TEX 
Leslie E. McLane, Bareco Wax Co. 
ARUBA 
James W. Johnston, Lago Oi] & Transport 
Co., Ltd. 
BALTIMORE 
Gilbert D. Bullock, Glenn L. Martin Co. 
Alexander D. Romano, Glenn L. Martin Co. 
Joseph J. Hanzook, Tate Engineering & Sup- 
ply Co., Ine. 
BATON ROUGE 
Ewing L. Barker, Kaiser Aluminum & Chem- 
ical Corp. 
C. B. Blanton, Kaiser Aluminum & Chemica] 
Corp. 
Charles Crowdis, Ethy! Corp. 
Billy Higdon, Kaiser Aluminum & Chemical 
Corp. 
Nick Landry, Jr., General Chemical Div. 
Sterling L. LeBlanc, General Chemical Div. 
Ned J. Matherne, General Chemica! Div. 
i Parsons, Kaiser Aluminum & Chemical 
orp. 
Paul J. Roussel, General Chemica] Div. 
CAROLINA PIEDMONT 
W. Gilmore Beckham, Celanese Corp. of 
America 
Bruce W. McKnight, R. J. Reynolds Tob. Co. 
BOSTON 
S. S. Minault, National Research Corp. 
Forest C. Monkman, Walworth Co. 
Walter Norris, American Sugar Refining Co. 
William A. Tansey, American Sugar Refining 


Co. 
A. William Wotring, Monsanto Chemical Co. 
CENTRAL NEW YORK 
Henry K. Liebich, Genera! Electric Co. 
John F. Schumaker, Solvay Process Div. 
CHARLESTON 
William F. McCollam, E. I. 
Nemours & Co. 
CHATTANOOGA 
J. D. Elliott, Cutter Laboratories 
CHICAGO 
Donald M. Clark, Western Electric Co. 
H. A. Fuente, Fuente and Webster 
Royce E. Johnson, Barber-Colman Co. 
Dr. Ernest A. Keller, Panellit, Inc. 
John A, Kennedy, James Vibrapower Co. 
Milan G. Maliarik, The Powers Regulator Co. 
Charles B. Sticha, Wheelco Instrument Div. 
Verne Zaura, Texas Co. 


du Pont de 


CLEVELAND 


A. C. Woodrich, The Bristol! Co. 
COLUMBUS 
Webster D. Wood, Battelle Memoria! Institute 
Russell L. Dickendasher, Westinghouse Elec- 
tric Corp. 
Charles L. Hohenstein, Jr.. Owens-Corning 
Fiberglas Corp. 
Carl W. Maddux, Owens-Corning Fiberglas 
Corp. 
Donald P. Michel, The Bauer Bros. Co. 
John F. Muldowney, North American Avia- 
tion, Inc. 
John O. Taggard, Industrial Nucleonics 
CUMBERLAND 
John Rhoe, Celanese Corp. of America 
Melvin B. Riffey, Allegany Ballistics Labora- 
tory 
DENVER 
Howard C. North, Sundstrand 
Dale L. Lohmeyer, U. S. Government 
DETROIT 
Andrew A. Stokas, G. M. Research Div. 
Ben Z. Rubin, Gulton Industries 
Robert L. Duprey, Micrometrical Mfg. Co. 
Carl E. Alsterberg, Ethy! Corp. 
EASTERN NEW YORK 
Elizabeth S. Girgerck, General! Electric Co. 
Edward Eggleston, International Paper Co. 
Edwin L. Mincher, General Electric Co. 





G, F. Murphy, General Electric Co. 
Richard J. Olechnowicz, General Electric Co. 
FAIRFIELD COUNTY 
Harry E. Crossley, Jr.. Manning Maxwell & 
Moore Inc. 
Edward 8S. Gillette, Perkin-Elmer Corp. 


Joseph Gontcharuk, Fleischmann Labora- 
tories 

Jean Pierre Magnin, Schlumberger Instru- 
ment Co. 


Frank W. Ollayos, Jr., Nash Engineering Co. 

Leonard Pritkin, Schlumberger Instrument 
Co. 

Frank S. Curtiss, Perkin-Elmer Corp. 

Paul A. Strauss, Perkin-Elmer Corp. 

Theodore H. Batchelder, Manning Maxwell 
& Moore Ine. 

Frederick P. Finck, Jr., Manning Maxwell & 
Moore Inc. 

Andrew Gura, Jr., Manning Maxwell & 
Moore Inc. 

Richard A. Hamann, Jr.. Manning Maxwell 
& Moore Inc. 

Richard Herbison, Lycoming Division-Avco 
Mfg. Corp. 

Donald B. Miner, Westport Development & 
Mfg. Co., Inc. 

Richard K. McCally, Manning Maxwell & 
Moore Inc. 

Melvin L. Morgan, Lycoming Division-Avco 
Mfg. Corp. 

Raymond D. Oppel, Manning Maxwell & 
Moore Inc. 

Louis Sak, Burndy Engineering Co. 

Emery J. Schneider, Manning Maxwell & 
Moore Inc. 

Paul Wallins, Atlantex Corp. 

Robert I. Widder, Lycoming Division-Avco 


Mfg. Corp. 
Joseph W. Yorvell, Westport Development & 
Mfg. Co., Inc. 
Edward D. Zloe, Lycoming Division-Avco 
Mfg. Co. 
IDAHO FALLS 


L. C. Faupell, General Electric Co. 
H. W. Slocoms, General Electric Co. 
J. M. PERRY INSTITUTE (Student Section) 
Norman G. Knobel 
KANSAS CITY 
Davis S. McGee, Jr., Herculer Powder Co. 
Robert A. Wiesemann, Westinghouse Electric 
Corp. 
Frank Velez, Bailey Meter Co. 
LAKE CHARLES : 
John M. Fridge, Cities Service Refining 
Corp. 
LEHIGH VALLEY 
William H. Kaechele, Air Products Inc. 


LOS ANGELES 

William C. Cannon, Atomics International 

M. W. Adcock, Union Oi] Co. of Calif. 

David Chung, L. A. Dept. of Water & Power 

Jack M. Hayashi, L. A. Dept. of Water & 
Power 

K. A. Keirn, Wallace & Tiernan Inc. 

Edward A. Styron, Jr., General Controls Co. 

Robert L. Switzer, Union Oil Co. of Calif. 

Roy F. Williams, North American Aviation, 
Inc. 

Robert D. Foster, The Fluor Corp., Ltd. 

Joseph F. Payne, L. A. County Flood Control 
District 

Bernard G. Schramm, Berchamar Corp. 

William H. Spalding, Atomic International 

Albert I. Takin, The Annin Co. 


MISSOURI VALLEY 
Frank W. Arnoldus, Paxton-Mitchel! Co. 
Harold G. Beenken, Nebraska Coll. of Medi- 


cine 
William M. Benton, Allied Chemical & Dye 
Co. 


Allen S. Carpenter, General Controls Co. 

Clyde C. Copper, Northern Natural Gas Co. 

Robert F. Cummings, The Powers Regulator 
Co. 

Charles E. Davis, Allied Chemical & Dye Co. 

George E. Doyle, Northern Natural Gas Co. 

James D. Griffith, John Latcuser & Sons 

Burton M. Hanson, Northern Natural Gas 
Co. 

James G. Harvell, Jr., Allied Chemical & Dye 
Co. 

Joseph F. Hurst, Corp. of Engineers 

Virgil C. Jansen, R. S. Stover Co. 

Robert D. Kirkpatrick, Johnson Service Co. 

Henry G. Klug, H. G. Klug Co. 


(Continued in June) 
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» Industry Notes 





Novel Automatic Control of ‘Dipper-Wheel’ 


Alum Feeder Provides Accurate pH Control 


A large municipal water filtration 
plant in the South recently solved a 
difficult pH control problem with an 
interesting automatic control system, 
utilizing both flow telemetering and 
standard pH control mechanisms. 

The raw water supply of the plant 
varied widely both in pH and flow 
rate as it was pumped in. Accurate 
control of pH was necessary to achieve 
efficient flocculation, but the two vari- 
ables made manual control difficult. 
The problem was solved by a dual con- 
trol system which took both variables 
into account. 

An Omega Rotodip automatic feed- 
er was installed in the plant for dis- 
pensing alum solution into raw water 
before entering the flash mixer. The 
Rotodip is a product of Omega Ma- 
chine Co., a division of B-I-F Indus- 
tries, Providence, R. I. This feeder 
is made up of buckets or dippers on a 
wheel which rotates and scoops up the 
alum for a storage reservoir. The 
alum flows into a small reservoir and 





pH INSTRUMENTATION 
IN A FILTRATION PLANT 
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then into the raw water line. 

Automatic flow control of this feeder 
is initiated by a telemeter transmit- 
ter, manufactured by the Bristol Co., 
and is located at a venturi in the flow 
line. In addition, a Bristol Dynamast- 
er pH recorder-controller with adjust- 
able proportional band and automatic 
reset is used. As a final check a Dyna- 
master pH recorder was installed in 
the line supplying the distribution sys- 
tem from the filtration plant. 


Circle 1N on Readers’ Service Card 


Benson-Lehner Offers 
New Service Program 


The Benson-Lehner Corp., Los Ange- 
les, data reduction equipment manu- 
facturers, announced introduction of 
a complete service program designed 
to keep machines in working order. 
The program is being introduced 
through a brochure themed to the 
electronic equipment field. 

Circle 2N on Readers’ Service Card 


Just Turn Some Dials, 
Push a Few Buttons 


Turning a few dials and pushing 
some buttons is all that is necessary 
to operate Minneapolis-Honeywell’s 
new automatic drilling machine. The 
operator dials the coordinates of hole 
location and the control system takes 
over positioning the bed and multiple 
drilling head. 

Circle 3N on Readers’ Service Card 


BARTON INSTRUMENT Corp. president breaks ground for a new plant in Monterey 
Park, Calif., which reportedly will cost in excess of $200,000. Barton, manufacturers 
of flow meters and allied instruments for the oil field and petrochemical fields has 


geared this new plant to meet increasing demands for more production. 


Barton Jones, 


(left, center) president of the firm, and Claude Nolte, vice president, share the shovel 


honors. Looking on are (left to right) : 


Everett Furr, R. W. Chase, B. Oltmans, A. A. 


Thompson, Charles Farley, C. Calkins, George Kluge, W. S. Christian, Alfred Danfel: 


and W. C. Mines. 
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New Console Compute 
Solves Design Problem 


| 4 

Berkeley division, Beckman In# 
ments, Inc., recently developed a 
console computer which the firm 
has the ability to solve complex 
sign problems 10 times more ae 
ly in a third of the time formerly) 
quired. This console-controlled 
tronic brain was exhibited by 
Richmond, Calif. instrument mang 
turer at the Institute of Radio 
neers Show in New York, March 

The instrument removes time 
merly consumed in setting countli 
dials, adjusting knobs and other f 
tions necessary to set up the proble 
Ten pushbuttons, strategically grouy 
on the console within reach for 
operation, control up to 500 pot 
tiometers which previously were 
by hand. 

The new patchboard simplifies 
ranging the maze of plug-in leads 
nessing the computer’s working ¢ 
ponents to a particular problem. $f 
plified wiring permits direct input” 
output patching with no interve 
leads to potentiometers. In addit 
to new speed and accuracy the ¢ 
puter is said to extend the job of¢ 
puter programming to a wider 
of technical personnel. : 

Many other features combine” 
make the new computer “the @ 
rapid, accurate and convenient ar 
computer in the field .. .” 

Circle 4N on Readers’ Service Card 


New Leeds & Northrup ; 
Flow Control System 


A unique flow-ratio control sys 
engineered by Leeds & Northrup 
holds the ratio of two liquid flows 
an accuracy in the order of 05 
cent. The new system has many 
plications in process industries W: 
high accuracy of flow ratios is 
quired. 

It permits continuous rather 
batch processing and eliminates 
need for hand feeding to provide em 
final flow ratio. The system 
provides permanent chart records | 
both flow rates and of controlled 
as well as adjustment of the de 
ratio. 

Circle 5N on Readers’ Service Card 
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